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STIMULATING INVESTMENT IN RESEARCH AND 
DEVELOPMENT 



THURSDAY, MAY 18, 1989 

U.S. House of Representatives, 
cjommittee on science, space, and technology, 
Subcommittee on Science, Research and Technology, 

Washington, RC. 
The subcommittee met, pursuant to notice, at 9:52 a.m., in room 
2318, Rayburn House Office Building, Hon. James A. Hayes [acting 
chairman of the subcommittee] presiding. 
Mr. Hayes. The subcommittee will come to order. 
Good morning. Does Doug have an opening statement? Yes, I see. 
Fm going to begin the hearing with a reference to our chairman 
Doug Walgren's opening statement and I will serve as temporary 
chair until he joins us at a later moment and ask that that be put 
in the recoi^d without objection. 
[The prepared opening statement of Mr. Walgren follows:] 
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OPENING REMARKS BY THE 
HONORABLE DOUG WALGREN (D-PA) 
ON 

STIMULATING RESEARCH AND DEVELOPMENT 
IN THE PRIVATE SECTOR 

May 18, 1989 



HOW CAN THE UNITED STATES REMAIN SO 
COMPETENT IN BASIC RESEARCH YET BE BEATEN 
SO OFTEN IN THE WORLD MARKETPLACE? WHY 
DO WE HAVE SUCH A HARD TIME FILLING OUR 
GRADUATE SCHOOLS WITH AMERICAN CITIZENS? 
TO WHAT EXTENT CAN THE ANSWERS TO THESE 
AND RELATED QUESTIONS BE FOUND IN OUR 
FEDERAL TAX CODE? THIS IN A NUTSHELL IS 
WHAT WE ARE CONSIDERING THIS MORNING. 

RECENT TRENDS IN RESEARCH AND DEVELOPMENT 
EXPENDITURES BY THE PRIVATE SECTOR ARE 
TROUBLESOME. U.S. CIVILIAN RESEARCH AND 
DEVELOPMENT EXPENDITURES AS A PERCENTAGE 
or GNP ARE WELL BELOW THOSE OF OUR 
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COMPETITORS. THIS OCCURS EVEN THOUGH WE 
KNOW THAT RESEARCH AND DEVELOPMENT 
EFFORTS LEAD TO THE CREATION OF NEW JOBS, 
NEW MARKETS AND NEW OPPORTUNSTIES WHICH 
ARE AN IMPORTANT UNDER PINNING OF THE 
AMERICAN QUALITY OF LIFE. 

IN 1985 JAPAN AND WEST GERMANY SPENT 2.5% OF 
THEIR GNP ON CIVILIAN R&D. IN THAT SAME YEAR 
WE SPENT LESS THAN 2% OF OUR GNP ON CIVILIAN 
R&D. THIS TREND HAS BECOME MORE 
PRONOUNCED IN RECENT YEARS. 

WE ALSO HAVE TO BE CONCERNED ABOUT OUR 
DWINDLING SUPPLY OF HIGHLY TRAINED 
SCIENTISTS AND ENGINEERS WHO ARE VITAL TO 
OUR RESEARCH AND DEVELOPMENT EFFORT AND 
ABOUT OUR CONTINUING DEPENDENCE ON 
STUDENTS AND PROFESSIONALS FROM OVERSEAS. 
THE NUMBER OF U.S. CITIZENS EARNING 

2 
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DOCTORATES IN SCIENCE AND ENGINEERING HAS 
BEEN DECLINING SINCE 1975 WHILE THE NUMBER 
OF FOREIGN STUDENTS EARNING DOCTORATES 
HAS STEADILY INCREASED. IT iS CLEAR THAT OUR 
YOUTH ARE AS BRIGHT AS EVER, BUT EQUALLY 
CLEAR THAT CAREERS IN SCIENCE DO NOT 
ATTRACT THEM IN THE NUMBERS IT MUST. WE 
MUST LEARN WHAT KIND OF INCENTIVES ARE 
NECESSARY TO ATTRACT GRADUATE STUDENTS 
TODAY AND WHAT IT TAKES TO PERMIT THEM TO 
STAY THE COURSE. 

OVER THE YEARS, THE "EDERAL GOVERNMENT HAS 
PLAYED AN IMPORTANT ROLE BOTH IN 
SUPPORTING R&D AND IN PROVIDING INCENTIVES 
THAT STIMULATE LONG-TERM R&D INVESTMENT 
BY THE PRIVATE SECTOR. SOME OF THESE PRO-* 
GRAMS HAVE WORKED. OTHERS HAVE NOT. THE 
1986 TAX ACT MADE MAJOR CHANGES AFFECTING 
BOTH RESEARCH AND DEVELOPMENT AND 

3 
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STUDENTS' TAX LIABILITIES. DECISIONS MUST BE 
MADE SOON WHETHER TO EXTEND OTHER TAX 
INCENTIVES SUCH AS THE R&D TAX CREDIT. 
THEREFORE, TODAY'S TESTIMONY IS VERY TIMELY 
AS THE CONGRESS DEVELOPS A TAX POLICY 
WHICH PROMOTES U.S. COMPETITIVENESS AND 
WORKS TO IMPROVE THE IMPACT OF THE OTHER 
PROGRAMS TO ENCOURAGE INDUSTRY TO INVEST 
FOiR THE FUTURE, AND TO MOVITATE STUDENTS 
TO STUDY SCIENCE AND ENGINEERING. 

WE HAVE TWO PANELS OF WITNESSES 
REPRESENTING INDUSTRY AND UNIVERSITIES, AND 
A PANEL OF EXPERTS IN THE AREA OF TAX 
POLICIES AFFECTING SCIENTIFIC RESEARCH AND 
DEVELOPMENT. I WANT TO WELCOME OUR 
DISTINGUISHED WITNESSES TODAY. 



6 

Mr. Hayes. Also, I have an opening statement and I make the 
same request, and FU not burden you with the additional time and 
we'll have an opportunity for questions later. 

[The prepared opening statement of Mr. Hayes follows:] 
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STATEMENT OF 



CONGRESSMAN JIMMY HAYES 



7TH DISTRICT OF LOUISIANA 



SUBCOMMITTEE ON SCIENCE, RESEARCH & TECHNOLOGY 



HEARING ON 



THE EFFECT OF FEDERAL POLICIES ON 



RESEARCH & DEVELOPMENT EXPENDITURES 



Mr. Chairman, I am extremely pleased that this subcommittee has 
convened this hearing in order to review how effective our federal 
policies are in fostering research and development activities. As a 
firm believer in this nation's ability to continue as the world leader 
in new technologies, I am concerned that we have failed to respond to a 
changing global rarfcet where competitors have lefined their gaineplaiis in 
order to beat us in this arena. Furthermore, while- paying a lot of. 
attention to our international trade imbalance, 1 fear that we have lost 
sight of a major cure? i.i.proved productivity and new innovations. 

With these concerns in mind, i am interested to hear from each of 
the panels testifying here toduy. In particular, I am curious as to 
their Suggestions on how the federal gove'-nment can best assist 
universities and industry in developing new or improved technologies in 
the Most cost-effective manner. 

The fact that nearly 501 of all patents awarded last year went to 
foreign-owned firms, while in 1963 only 181 went to foreigners, is a 
figure that c >ncerns me. Furthermore, the fact that West Germany, 
Japan, France, and the U.K. all do more non-defense R&D than the U.S., 
as a percentage of their GNP, seems to reinforce my concern that we may 
be alowly beginning to lag behind our competition. 

Fortunately, i believe that we have several avenues tc pursue in 
order to revitalize or assist those areas that may need federal 
attention. For example, I believe that this hearing will shed light 
upon the need for strengthening each level of our educational system so 
that we can produce scientists, engineers and technicians, equipped with 
the skills necessary to succeed. Ad3ustments in our tax code may also 
be able to foster growth, aa could incentives to develop coi.sor tioms . 
One area that may also need inspection involves anti-trust laws and 
their impact on specific industries* ability to create and capitalize on 
new advances. 

A^^air., I appreciate this opportutiity to address the issue of 
federal in«»olvement in R & D activities and look forward to our panels' 



comments. 
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Mr Hayes. I would then turn to our ranking Republican whom I 
see also has an opening statement. 

K/r^^^™^"^- ^'^ Soing to burden you with it. Thank you. 
Mr. Chairman. ^ ' 

It's a pleasure to be with you today to discuss how the tax code 
can improve our flagging ability to compete in the international 
marketplace. 

Some argue that such tax provisions "distort" business decisijns, 
but I thrnk provisions like the P&D tax credit correct distortions 
that are mherent m the private sector. 

All the pressures that are exerted on industry from the private 
sector militate m the direction of short-range payoffs. The Govern- 
ment ought to be putting pressure in the opposite direction to keen 
lactors m balance. 

When the tax code encourages R&D to the same degree it en- 
courages massive mergers, which result in cuts in R&D, then we 
will have eliminated distortion from the tax code. 

I am a co-sponsor of H.R. 1416 which would make the R&D tax 
credit permanent. However, I'm certainly open to suggestions on 
how to make that provision more effective. I hope today's witnesses 
will be supplying such advice. 

I'm also interested in hearing what our university panel can tell 
us about the impact tax law changes may have had on graduate 
school enrollment. There is a fear that m the interest of "equity" 
we may have added to the disincentives that discourage students 
from contmumg on to graduate school, thereby making us not only 
more equal, but poorer in the long run. 

■The best way to deal with tnis provision may be the route the 
National Science Foundation has taken: upping the graduate sti- 
pnd to keep the after-tax income unchanged. I'll be interested in 
leanimg how many organizations have tried this approach 

Taxes, Oliver Wendell Holmes reminded us, "are the price we 
pay for a civilized society." I don't see why we should not use rea- 
sonable tax incentives to advance that civilization 
Thank yod, Mr. Chairman. 

[The prepared opening statement of Mr. Boehlert follows:] 
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REP. SHERWOOD BOEHLERT (R-NY) 
OPENING STATEMEN 1 FOR R&D TAX HEARING 
May 18, 1989 

Mr. Chairman: 

lt*s a pleasure to be with you today to discuss how 
the tax code can improve our flagging ability to compete 
in the international marketplace. 

Some argue that such tax provisions "distc.'^t" 
business decisions. But I think measures like the R&D 
tax credit correct distortions that are inherent in Vhe 
private sector. All the pressures that are exerted on 
industry from the private sector militate in the direction 
of short-range pay-offs. The government ought to be 
putting pressure in the opposite direction to keep factors 
in balance. 

When the tax code encourages R&D to the same 
degree it encourages massive mergers, which result in cuts 
in R&D, then weMI have eliminated distortion from the tax 
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code. 

I am a co-sponsor of H.R. 1416, which would make 
the R&D tax credit permanent. However, I'm certainly 
open to suggestions on how to make that provision more 
effective. I hope today's witnesses will be supplying such 
advice. 

I'm also interested in hearing what our university 
panel can tell us about the impact tax law changes may 
have had on graduate school enrollment. There's a fear 
that in the interest of "equity" we may have added to the 
disincentives .^at discourage students from continuing on 
to graduate school, thereby making us not only more 
equal but poorer in the long run. 

The best way to deal with this provision may be the 
route the National Science Foundation has taken: upping 
the graduate stipend to keep the after-tax income 
unchanged. I'll be interested in learning how many 
organizations have tried this approach. 

"Taxes," Oliver Wendell Holmes reminded us, "are 
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the price we pay for a civilized society." I don't see why 
we shouldn't use reasonable tax incentives to advance 
that civilization. 
Thank you. 
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Mr. Hayes. Does the gentlelady from Rhode Island have a state- 
ment? 

Ms. Schneider. Mr. Chairman, in the interests of time, T too will 
be happy to include my statement in the record. If that is permit- 
ted. 

I will say that I appreciate the fact that we are calling this hear- 
ing together today, because clearly the impact of the tax structure 
on the competitiveness stature of this nation's business and indus- 
try is critical, and as a leader in the competitiveness caucus and 
pushing for the R&D tax credit, I think that there are many other 
opportunities. 

I look forward to hearing from the witnesses about what some of 
those opportunities might be. 
Thank you, Mr. Chairman. 

[The prepared opening statement of Ms. Schneider was not re- 
ceived at press time.] 
Mr. Hayes. Thank you very much. 

Let us go ahead to our first panel. Dr. Judith Liebman, Vice- 
Chancellor for Research and Dean of the Graduate College, Univer- 
sity of Illinois at Urbana-Champaign and Dr. Jules LaPidus— 
Doctor, I don't know if you'd like the South Louisiana pronuncia- 
tion of that, or whatever corruption they've given it here in the 
District of Columbia, I would have said "La Padue" but I suspect 
that you can't live with that here in the District. 

Dr. LaPidus. That's right, ''LaPidus" is fine. 

Mr. Hayes. "LaPidus^' is probably also more phonetic in the 
phone book. Welcome to you, and you are the Director of the Coun- 
cil of Graduate Schools in Washington, D.C. We thank both of you 
and please proceed in whatever order you may have determined 
among yourselves. 

STATEMENT OF JUDITH S. LIEBMAN, VICE CHANCELOR FOR RE- 
SEARCH AND DEAN OF THE GRADUATE COLLEGE, UNIVERSITY 
OF ILLINOIS AT URBANA-CHAMFAIGN, ILLINOIS 

Dr. Liebman. Thank you, Mr. Chairman, for providing us with 
the opportunity to speak on these issues. 

I am deeply concerned' about the implications of tax issues and 
current demographic trends on doctoral education specifically, and 
on graduate education in general. 

Doctoral education has, directly or indirectly, benefitted virtually 
every major scientific developn^ent of the last 30 years. Examples 
include not only oar space program, and the discovery of supercon- 
ductivity, but also development of computer technology now inte- 
grated int9 our daily lives from automobiles to VCRs. 

The maintenance and growth of modern society require^/ a spe- 
cial kind of intellectual nourishment, a continuing inflow of new 
ideas, discoveries and technologies. Doctoral education trains those 
wiil generate and disseminate these new ideas. 

Although an increased demand for Ph.D.s is predicted, the 
supply forecast is gloomy. Alrea,iy there is a shortage of engineer- 
ing faculty n3tionwide, and a shortfall of 7,500 annually— of natu- 
ral science and engineering Ph.D.s annually— is predicted after the 
turn of the century. Unless we take action now, we will not be able 
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to sustain and increase our country's rate of tecnnology and eco- 
nomic growth. 

The problem is made worse by the fact that there are growing 
employment opportunities for Ph.D.s in nonacademic settings, 
partly due to increased R&D efforts in the private sector, and also, 
a new awareness in the private sector of the importance of interna- 
tional trade which has generated demand for more graduate study 
in foreign languages and international studies. 

Our college population is drrpping now and will continue to drop 
for a bit, but then increase rapidly to above the current level by 
the year 2005. At the same time this increase m student load is oc- 
curring, there is expected to be a decrease in the university facul- 
ties available to teach because many of the professors hired in the 
post-Sputnik expansion will be reaching retirement. 

Where are the replacement faculty to come from? Because of the 
length of time needed for graduate work, these replacements must 
come from students currently entering or enrolled in college. Thus, 
the problem is urgent and solutions must be implemented now. 

Demographic trends are of even more concern in the science and 
engineering area. An increasing prop^^xtion of our working popula- 
tion are women and minorities. Those groups have traditionally 
been underrepresented in the fields of science and engineering. 

The impact of these demographic trends upoa doctoral degree re- 
cipients is already visible. The percentage of U.S. citizens receiving 
doctorates has decreased over the last decade, and this drop has 
been particularly severe in engineering. 

In 1970, 73 percent of the doctorates in engineering were award- 
ed to U.S. students; by 1986, it had dropped to less than 41 percent. 
The accomplishments and contributions of students from other 
countries have been and continue to be significant, particularly in 
science and engineering. 

But at most, only about 70 percent of foreign degree recipients 
currently remain in the United States, and that percentage is ex- 
pected to drop as students' home countries provide more incentives 
for them to return home. We simply cannot afford to x^emain de- 
pendent upon a foreign supply of scientists and engineers to meet 
our research and development needs. 

How do we then increase the number of graduate students? A 
continuing stable supply of fellowships, traineeships, and assistant- 
ships is the primary answer. It Yipjs worked before, and it will work 
again. 

After World War U, the Federal Government played an active 
and very successful role in the development and training of gradu- 
ate students, through ti e sponsoring of fellowships, traineeships, 
and the funding of university research. Under this expansion, the 
number of Federally- funded graduate student stipends rose from 
1,600 in 1954 to over 80,000 in 1969. 

But there was a sudden decline in Federal support beginning in 
1970. In a fivr-year period, most traineeships were eliminated, and 
the number of fellowships were greatly reducer. We also lost doc- 
toral support under the GI Bill. 

This declining financial support has been made worse by the Tax 
Reform Act of 1986, which made graduate student stipends taxable. 
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My colleague, Dr. Jules LaPidus, will address the tax reform 
impact in much greater detail. 

Adding to the problems of decreased support for graduate study 
has been the sharply increased dependence on providing under- 
graduate student support in the form of loans rather than grants. 
One of the reasons graduating seniors now give for not going on to 
graduate study is the level of their accumulated debt by the time 
they have finished undergraduate work. 

What is the role of the Federal Government? I believe the Feder- 
al Government should double the number of fellowships and train- 
eeships, increase the support for research assistantships, provide 
increased incentives for underrepresented minorities and women to 
earn Ph.D.s, and providing funding to strengthen the overall re- 
search support environment at the universities. 

We also need to expand the pipeline of students eligible take 
doctoral studies, particularly in science and engineering, from in- 
creasing support for research opportunities for undergraduate stu- 
dents and improving the science and mathematics curricula at the 
elementary and high school level. A critical part of expanding the 
engineering and science pipeline rests upon understanding better 
why individuals undertake careers in science and engineering. 

I am submitting for the record the 1988 American Associaticii for 
the Advancement of Science Presidential Lecture by Sheila Wid- 
nall, which discusses how educational environments can promote 
or discourage participation in graduate work by women or underre- 
presented minorities. I can assure you that her insights have re- 
ceived widespread attention by faculty and administraiors trying to 
improve institutional encouragement and support of graduate 
study. 

I will close with some observations about the connections be- 
tween research and graduate education. In our country's research 
universities, these two functions are inseparable. Both are per- 
formed by the same people in the same institutions, and Hoth func- 
tions benefit from the interchange. 

The opportunity for graduate students to conduct research with 
faculty working at the forefront of their fields provides the best 
education possible. Faculty investigators and their research pro- 
grams, in turn, are continually renewed and enriched by the cre- 
ative new ideas of the graduate students. 

The declining number of U.S. students earning Ph.D.s and the 
declining number of those who do choose academic careers, reflects 
in large measure the increased pressures on the academic research 
environment. It is sometimes called the "hassle factor." Twenty 
years ago, the academic life offered the rewards of freedom for un- 
fettered research and the opportunity to teach, to be enriched by 
working with bright graduate students and research carried out 
with state-of-the- art instrumentation and facilities. 

Today much of that has changed. The Government appears to 
have abandoned its support of instrumentation and facilities, re- 
duced its support for graduate education, and failed to keep pace 
with the rising cost of research in the project grant syscem. As a 
consequence, eminent university investigators are conducting re- 
search on increasingly outdated instrumentation housed in inad- 
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equate research facilities, and struggling to find sufficient support 
for their graduate students. 

Graduate and undergraduate students see the struggles of the 
nation's top academic faculty researchers, and a serious disincen- 
tive to students considering an academic career has occurred. 

In summary, the problem is urgent but solvable. The Federal 
role should support increasing fellowships, traineeships and assis- 
tantships, developing incentives for attracting women and underre- 
presented minorities into doctoral studies, providing funding to 
strengthen university research environments, and developing pro- 
grams to expand the pipeline. 

A more extensive description of the problems and recommenda- 
tions for solutions are provided in a March 1989 draft AAU Policy 
Statement which I also submit for the record. 

Thank you. 

[The prepared statement of Dr. Liebman, plus attachments 
follow:] 




i.9 



16 



Statement 
before the 

SUBCOMMHTEB ON SCIENCE, RESEARCH AND TECHNOLOGY 
OF THE 

COMMnrEB ON SOENO^ SPACE AND TECHNO- OGY 
IN THE 

US. HOUSE OF REPRESENTATTVES 



Hearing on Stimulating Investment in Research and development 



Given BY 

Judith S.LiEBMAN^ 
Vice-chancellor for Research and Dean of the Graduate College 
University of Illinois at Urbaiu-Champaign 

On BEHALF OF THE 

Association of American Universihbs 
assooation of graduate schools 



May 18, 1989 



ERIC 



20 




17 



Thank you, Mr. Chainnan, for providing the opportunity for me to speak at this 
hearing. As Vice-Chancellor for Research and Dean of the Graduate College at the 
University of Hiinois at Urbana-Champaign, I am deeply concerned about the 
implications of the current demographic trends for doctoral education specifically, and 
for graduate education in general 

L The Impoitanc«* of Doctoral Education 

Doctoral education has directly or indirectly benefited virtually every major 
sdendfic development of the last 30 years. Examples include the VS. space program, 
the enormous potential of genetic engineering, the discovery of superconductivity, and 
the development of the computer technology now integrated into the fabric of our daily 
lives, from automobiles to VCR's. 

Doctoral programs educate the scientists and engineers needed by industry, 
government, and universities for R5cD activities. Furthermore, graduate students in 
doctoral programs are a key ingredient of imi versity-based research; they conduct 
much of the research and generate many of the new ideas.^ 

The maintenance and growth of any modem sodety requires a special kind of 
intellectual nourishment; a continuing inflow of new ideas, discoveries, and 
technologies. Doctoral education trains the individuals who will generate and 

1. The Federal Role in Doctoral Education/ a policy statement of the AssodAtion of American 
Universities, DRAFT, March 30, 1989 (hereafter dted as AAU Inderal Role statement). 
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disseminate these new ideas and discover!^. Although an increased demand for 
Ph.D.s is predicted, the supply forecast is gloomy. Already there is a shortage of 
engineering faculty nationwide, and a shortfall of 7,500 natural science and engineering 
Ph.D.s annually is predicted shortly after the turn of the century.^ Unless we take 
action now, we will not be able to sustain and inaease our cotmtr/s rate of 
technological and economic growth. 

The problem is exacerbated by growing employment opportimities for Ph.D^ in 
nonacadgmis settings, partly due to inaeased R&D efforts in tlie private sector. Also, 
growing awareness of the importance of international trade has generated demand for 
more graduates in foreign languages and international studies. 

n. Demographic Trends 

The college-age population will continue to drop until 1995 and then inaease 
rapidly to above the current level by the year 2005.^ At the same time this increase in 
potential shident load is occurring, there is expected to be a decrease in the university 
faculties available to teach because many professors hired in the post-Sputnik 
expansion will be reachiiig retirement Where are the replacement faculty to come 
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from? Because of the length of time needed for graduate work, these replacements 
must come from students currently entering or enrolled in college. Thus the problem Is 
urgent/ and solutions must be implemented now. 

Additional demographic trends are of even more concern for science and 
engineering education. An increasing proportion of our working population are 
women and minorities, groups that have traditionally been imderrepresented in the 
fields of sdQice and engineering, two very important areas of graduate study. 

The impact of these demographic trends upon doctoral degree recipients is already 
visible. The percentage of U.S. citizens receiving doctorates has decreased over the last 
decade, and this drop has been ^ ^ dcularly severe in engineering. In 1970, 73% of the 
doctorates in engineering were awarded to U.S. students; by 1986, that percentage had 
dropped to less than 41 %. The accomplishments and contributions of students ftom 
other countries have bee i and continue to be significant; particularly in science and 
engineering. But at most only about 70% of foreign degree recipients currently remain 
in the United States, and that percentage can be expected to drop as students' home 
countries increase incentives for them to return. We simply caimot afford to remain 
dependent upon a foreign supply of scientists and engineers to meet our research and 
development needs. 

We must also consider the impact of the major science projects looming on the 
horizon, such as the SSC, sequencing of the human genome, the space station, and 
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meeting the challenge of AIDS. All of these projects will need additional scientific 
manpower, over and above our continuing needs in education and normal R&D 
activities. 

III. Increasing the Supply 

How do we increase the number of graduate students? A continuing; dependable^ 
anu stable supply of fellowships, traineeships, and assistantships is the primary answer. 
It has worked before, and it will work again. 

After World War n, the federal government played an active and successful role in 
the development and training of graduate students, through the sponsoring of 
fellowships, traineeships, and the funding of university research. Large-scale federal 
support for graduate education began in 1958 under the National Defense Eaucation 
Act, followed by support programs established in federal agencies such as NSF and 
NIH. Under this expansion, the numbei of federally funded graduate student stipends 
rose from 1,600 in 1954 to 80,000 in 1969. 

But there was a sudden decline in federal support, beginning in 1970. In a five- 
year period, "NDEA Title IV fellowships, NSF traineeships, NIH/NIMH fellowships, 
and NASA traineeships were eliminated; NSF fellowsliips and NIH/NIMH/ ADMHA 
training grants were substantially reduced. Fellowship and traineeship support 
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continued to decline into the 1980s."^ We also lost doctoral student support under the 
GI Bill, which had supported almost TSOfiOO students in graduate programs in the 
twenty-year period foUowirg 1966. 

This declining financial support has been exacerbated by the Tax Reform Act or 
1986, which made graduate student stipends taxable. My colleague, Dr. Jules LaPidus, 
will address the tax reform impact in further detail. 

Adding to the problem of deaeased support for graduate study has been the 
sharply increased dependence on loans, rath t than grants, at the undergraduate level. 
One of the reasons graduating seniors now give for not going on to graduate study is 
their accumulated debt by the time they finish undergraduate work. 

What is the role of the federal government? Recommendations from the 
Asso^^tion of American Universities^ include: 

• doubling the number of fellowships and traineeships 

• inaeasjng support for research assistantships through federal agencies 
supporting academic research 

• providing increased incentives for imderrepresented minorities and women to 
earn Ph.D.s 
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♦ provide funding to strengthen the overall research support environment at 
universities 

To meet the forecasted demand for scientists and engineers H will also be 
necessary to expand the pipeline of students eligible to undertake doctoral studies in 
science and engineering through: 

♦ increasing support for research opportunities for undergraduate students 

♦ improving the science and mathematics curricula at the elementary and liigh 
school level 

A critical part of expanding the engineering and science pipeline rests upon 
understanding better why individuals undertake careers in science and engineering. To 
successfully encourage greater numbers of women and minorities to enter these fields, 
we need to develop effective intervention strategies at the appropriate points in their 
educational experiences. I submit, for the record, the 1988 AAAS Presidential Lectiu^ 
by Sheila Widnall, which discusses how educational environments can promote or 
discourage participation in graduate work by women or minorities. I can assure you 
that her insights have received widespread attention by faculty and administrators 
trying to improve institutional encouragement and support of graduate study. 
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IV. The Intcmlationship Between '^-.•aduate Education and Research 

I will dose with some observations about the dose connection between researdi 
and graduate education. In otu: country's research universities, these two functions are 
almost Inseparable, both performed by the same people in tfie same institutions; and 
both functions beneQt from the interchange. The opportunity for bright young 
graduate students to conduct research with faculty working at the forefront of their 
fields provides the best education possible; faculty investigators and their research 
programs, in turn, are continually renewed and enriched by the creative new ideas of 
graduate students. 

Because of this intimate intenelationship between graduate education and 
research, polides affecting one affect the other. I have focused this moming on 
programs providing direct support for graduate study. Bui the level and quality of 
support for research also has a powerful impact on the career decisions of graduate 
students. - 

I fear that the declining number of U.S. students earning Ph.D.s, and the declining 
number of Ph.D.8 who choose academic careers, reflects in large measure the increased 
pressures cn the academic j^-'search establishment "Twenty years ago, academic 
research was operating vigorously at the frontiers of knowledge. The federal 
government had invested heavily in all aspects of the research enterprise, from support 
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for faculty investigators and graduate students to support for institutions, resear-, 
instrumentation, and facilities. . . [A]cademic research offb^ed the rewards of . . . 
freedom of investigation and the opportimity to teach and to be enriched by working 
with bright young graduate shidents in research carried out with stateof-the-art 
instrumentation and facilities. 

Today, much of that has changed. The government abandoned its support of 
instrumentation and facilities, reduced its support of graduate education, and failed to 
keep pace with the rising cost of research in the project grant system. As a consequence, 
eminent university investigators are conducting research on increasingly outdated 
instrumentation housed in inadequate research facilities, juggling several project grants 
to sustain cote research funding, and struggling to find sufficient support for their 
graduate students."^ 

The deterioration in the quality of the professional life of an academic scientist was 
a major concern discussed by Dr. Frank Press, President of the National Academy of « 
Sciences, in his recent address to the Academy. Press dted the declining piirchase 
power of research grants and the growing amount of time spent writing proposals, 
gaining approvals for projects, and managing grants; in one major institution, 100 
scientists are writing 500 proposals each year to custain their research.^ Graduate and 
undergraduate students see this growing pressure on the nation's top academic faculty 

6. AAU Federal Role statement 

7. *How to Run Anierican Science (Successf uHy)," an addresa by Prank Presa, President, National 
Academy of Sciences^ presented at die 126th Annual Meeting of the National Academy of Sdenoes, 
April 25, 1989. 
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investigators; it is a serious disincentive to students considering an academic career. I 
; will not go into detail on national research policy here but simply reemphasize tlw 
interconnections witiiin our research and graduate education system and ask you to 
recognize tfiat policies enhancing or detracting from one component of that system 
reveitoate throughout the system. 

V* Summary 

In summary, the problem is urgent but solvable. The federal role involves 
increasing fellowships, tralneeships, and assistantships, developing incentives for 
attracting women and underrepresented minorities into doctoral studies, piov g 
funding to strengtlien imiversity research environments, and developing programs to 
expand the pipeline. A more extensive description of this problem and 
recomnv>ndati. a for solution are contained in a March 1989 draft AAU Policy 
statement, which I also submit for the record® 
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bUdB(J)J. 



Gndiute £<hicitkm and RciCtfch 

Educ i oo i l cjo bt Kco M k CQiityn iu fB , 1 propfMBQ froat dw 
dcvtioptnent of cjireer-itSeicd tUk ki a pniex cumculm to tbe 
adatvcnem of MSD«)«ciia peoftuiocnl apifai^^ 
ae dK grtduMt Icvet thx die Mudcnt bcfioi 10 faw io n at aa 
■idcpcndcne Kknoo* widtirti tfan ■ dw putpoat of 
cducaooo. IdMlff . gnduiat cdueadott ihoiM piotaad 
ctpbot act of faJb ic<^uiiirn adnactd iMBa ' 
prcpgrin^ fcr Md p«ia«i| a aa of ijuafaiyaif tni 
(pjsstcf of oQc^ 6fidt lod wtyuf our t a dwd et t wxk Mder dw 
doK fupcfviMa of a (leukf tMm-iO da* d ewto pm tfl c of 
mdcpeivkixf. n ihi itodeM. Ouny d^ procM dM toi^ 
itybeyoatot ta ww e tfeepiof wppo rom dwaiiid B' tipdi>ptoc> 
tnote ttepoii^biliey 00 die aoweot fee pfottoi feg wi il a do n ^ cvifca* 
csQ. cncuboQ, aoel diAnat. Uail^, m dH CMcaai occbch. d» 
miat bm tm» ao > vnkty of iwcBatd in ciw Mli ww t a i f t i tau ca 
d(nyieda>eatoictaetf<oijhfaiKi Mribwdiadcpandtoo-Hwet 

ruj» in rtfuf IT Mid pfod tt cdw froiup maaooip, • j cndaai* aod 
ciocae tfcr wed of fttct^ to fcnaiiac* tad cany cot rcii i f ei} tato 
of bKrcaMTj ifRpotuoci; to paiodpasi i6 diitoyKt and dabacaa 
about taumt wA tadukal iiittc*, and ao diactsai ftitan cintr 
^JMM dMjr nSxt to cuntot lu t iti ea aad acdrkki. 

Faculty nnalMrt oftca do oo; mtke dicat heaer p«Ri of m 
cdtiodoMl proom eplicic ao nudant JLjih of ox ««(* of 
paduM •doeatfM taauta <^ t bdi of iQidhBt 

biddtfi afood*. Studeoci who Aidt wdi pufcuioul oycri' 
com bvcauae of t bdc of lel^conSd:x• or btoiM dicy iod din 
paWU art dcpcivtd of an xnpoRint co op o no ac tf the (fidiiaic 
capenenct. AJkbpuft. cfacy may bt aucccaafol la aduevinf 1 PhJ)- 
d<cy mty not be equipped to take Aifi advaatsft of d» oes act of 
WW potnbtoci, aad dwy an onhkijy CO bt iwonncndad by 
dicr flKftcora for tmponaot oppoctucioet la dvtf proCMMon, 



Aiteridoti to Kow womm lod riunotioea act albcBtd by and rcipoQd 
to dua hidden ifcada wdl bt nkiabk m dcniop«if Mranfka to 
^tow diam to a^icvt dKV fott potnoaL 

To be tuMCfifb!. dis sradoaae inadn laM twi bodi an acadtmie 
and I Ibaocal MMon fauiKkc. Ihc aeadenk laundct tt d» OM 
SucctuM paaainf of frtdutft-kvd ooutaca and vtnam 



cxan by iMa6ed deadlte act uMciV cWady (aid ogt at rtftkc* 
fMac8fordi<atiid(aia.Lc8adtir»d»baatof Coaaoal atippMt, 
d» dcaMtbiScy of trnw (ntm, aod d» kmi|K diac ccttaiQ iDodta 
of faMicU aufpoit ^ ao dw auom of ncM rcacanh arid adnw 
btaacnoa tbc (aak for die iQidacK ia to Cod a ipoc m I ftmcDonrnf 
ftacvdi ircup^ iiwk on t aopk ococnl to dK iiMftaa of dit iraejp 
widi wAocm iotfidal raowcie ao canyM d» 
widi 1 6Kiiliy adviaer wbo wtS botk Mpvvlit dv coKardi aod fOKle 
d» fducxioaai aad flioM csrtir db«lopiMot of die itudcot. Tbt 
kv«< of Mppoct VMM iw *ia ta* ia tttfi bcyood what ia 
to Nppoft tbt Mocan^fiviof u p emr fc 

AMtowd^pvtd ^a aprQvldintloaM^^^Mhyw 
a pidttaw proffVPiy am iai y d ali y dw a w t p t a iw of 6t aowkne 
of c fWBfdi frauoi, A taaddof aaaitcaoBhip« wtidv 



pwndbif loaDdai auppoit ao d '.yafd n^ wWh jiOBmtt 
tao aln deiiy aoeapoooa iM9 a MtMch fraap aod cAr bai tbitt for 
arry<HO«ia d a pn.J i n wf ti ch i HaawaeaKh w i oowd i l p {IM 
ottftcdiatdwi aiJ ea ^a oorpe i octtoawafc hya iipiip io ti d e 
a nacaith lopk «cacril to ite |roupi» aod alow dootn ao ttaottrM 
audi aa aq uj paad d aod coaapMier deac. Hh fictdiet a anaScr 
pcfccnaii or woow) ptaiuMi tcudaov dvn mao In aB fitldi of 
icteioe s« lupeoRad 00 RA« (i) hat aarioM faopBcadoM for d»r 



Wlnacvtr foai<a itw aiodtfli had when dit uU*^. dadifoo n attcod 
f^Juw adiod wia made, die pmaii telf «tt <rimaB)r aa to 
iiiiihuhaa dieaa foiK Hw cowdoaat wk% aod trial of 001^ 
acadtiak aod pai«ottal diaraacdidci; tte ooloicif imtracdott «idi 
pecri aod aupcviaon. aod dw ai|Qaii pkM up about oo«^ ftiaavt 
potcttttat wid» the itaeacdi iroup vU reahapt dw career foilf and 

2 
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iita fhs Msardi froAxovicf md ctreer Mptfiboni of the «»• 
4cm TYw HMvdi oppoRUOiOM pre«cf)«d d» &cuk]f m4 tte 
^ubCf of inencuoQ *ni support wiS i(ron|l/ d ctmr u ot (be 
qittittjr ofinduM «ducnoc lod ifct pctpartood for ft^^ 
•dvwcmcnL A mMMfak objiRm &v ^ «ducMon of women 
Mdnaorkr indean b dM (Nr 

piAuK schoot; tbt fadb it k loop of bwvid tsftcoooBt 
btjd on vo or fK«v btdinf » lowend id^mifi aad fioaQf » 
to"*! pcffoffiMncSi b( brafctA bjr mtu ooyi tcooR bjr &cul(]f 4nd 
flcudcno; ifrf ihic cbc kudcm be jwwt of dK Amtrv ceoii^i^^ 
of <jrttf'f'U**fd Aciittm^ 

8«cu&. *m FitD. ihui* it pnmanljr aa i ppiumJu p m tf 
ic»^ ihc wetNi of ri» fndius apcncaci 4qpieadi 0^ 

fertfac pnfwiottJ ttV-wmm of (he Nvdnc, 6t nir 
•o«r«4 (he drfNc. Md acciM to fUoict opporanDct^ 
wiA «W«ad«BC itiitiooihlp « 
•Brfotowof ft* of jjwtejwaal tcpnt^Thee wle^ 
UUoca tedKtyi«nv ifld the rmof thc<k{>'B^ 
t«d« » «^ *a lai|««j retowMWp. 
favtrtnf levtnj j«n B M,e«d» tt « trwj^ 
•w4««, «Ki K fa bkeV » deJ«y rmipt of tfw detrte 

Our cuiTw medttl of fintfKiai wttt& 
«oooon puo coftikknbk «rm Oft bodi 6cul7 
r^duue mdcm aft dK fim b) Uac o be afioed br ptt^di^^ 
«r« from thor tocrch lupcmjoo. The cDQtuued icudi for 
ftwrA <Wid» iiid d>e cnodmj«l hJ[|h IcvtJ of pwfa^ 
ftqoirtd to ftmiin le d« fijrrircm of remtdi m*e ikuky k» 
•o^*k GO iradcnu. TIk graduate cducadoo prooM n tabtv 
ttwirve, rctpoftot Ur|t imowwof tactkjr dov. Snidcsu art 
Ota >wan oajy of brcakdowm In dw lyMem: die wafect of dM 
teuity. dKV nactcwbiliir, dictf Aibre to appwator^^ 
dw oaaoowl wpr<p«<d kewrcfc Ue eun« 
of mk« edaeaooo c«to « impoiiiWe for a tojfc^ 
mik a carnobcmeae of iu{70(t o dw mdm for die l«t|di of t 
typed graduate program. Qapa m ftindi^ an cocatnia, and' 
mjda» are oAm 6c(d widi dM dmce of <fc(miii| out or takuw 
on a dtbi burden to complete dwrdcftee. t 
llkK fiwuliar fine of of gnduatc cdxadoA ft c at dtt heattof 
ttiodiofdxwtvfekbyaO|rirfi«ttin»rtfTiti,Ko<KW.dKttt^ 
maktfjckacifacnef^famdieaetf^tmfewart^ 
btlanf." The Mi^idrntfcaixM wiA dK pftdoomt^ 
bcuhjr rcaMUfca dwm diat iraduatt ichool ia I iicp on dtt way u a 
pftxbcovc carter in aaoKC, and dm nnnr odm «i6 Wfaoia dicr 
c«|dr«dy hav« done fc before d)cnv For wrma Kviasx 
nvAOfVjr Kudrnn, and miojr ferop icudcat^ dte eiivMMtiMM k 
not u rtlAfotdfl|. Ibcir acccptaiKe br die ipantt k MC aMonudc 
RcMka from d« Staidbrd aumr (I) ndicsie diic M% of die mm 
cofl»pi«d to 24% of dK iromea we eon6d(m of *taatt» fe» «i 
djof d»ioi fieM; d2% of Ae men. b« on^r 51% of die woitsea, 
KtoopKtd an acadank career. 



Results from Student Surveys 

la the vanoue Mudent Wxv»/», icudena ctt wimMM i on thdf 
fsJMoaJ czpcnevte in sraduaie ichooL Moat of dw curaMfut 

in die lopomo of men and «*omea. The men moat often upmaed 
angtr. even rate, ai dtt fyiteiTi and lugyemd wiyi that k ihouU be 
Jaoitd, whema d>e wotwn inore often dcKnbcd d» eftft dm 
o» cvirrertt OTMcm hi^ on d)cm aixl expreaaed ftthaa of fruxra* 
oort lod d^cotfifcmcnL For txunfk, dK foOowflf commewa 
««w made by icudenia fawi d» wme depanmece whan aiksd what 



hindered dteir fraduate cdvicaoen (10): 
*) Fforo a man: "The i>aoK«e mcniKlYJtT of dw prokaar 

depanmmt, and mnwiity die mewcabk deptaaion etsMcnce 
by youof xknotta when dMir rtacirtft dooot wrtiTwtl 
The., unnwwy^ • • wiJSn«neai to ifnore ifl pjiaee «ude« 
batdK...eop 10%diic" 

3) f»an«woman:»Deapkedei»(«.»awtxnann...icieo 
c« . . . I tomedurif 10 pi»*-iod yw die cacw dilWuh p*r 

^ ae toowWfc dttC I have at kf ^ one more eai » pMi dun m* 
mik couftterptm. Of maybe one «3fe t« to pan djijy • 

Aa rer«led by xudent aurviyi. die fawca aAccnf imoootv 
bfTtfn, and womn atudma are rdated (0 dmr difcrmccs &om d) 
ma^. dwr fteOnff of poimkaincia. and foaUnn of RKttaaK 
fUenmpk, 

rfytnena Mdonad ianwenacudeniiifttcdidieScanf&iMdv 
MTT late rootled dm die envvorrncM waa detrvomcal to dKi 
toJ* (I. /O). tndie Stanfotd aumy. «H of d: J wotneo vet«ii 9» 
of die i«w fcpotted that diey tfj<W|he diey w«t« 
ncrwa breakdown. Tm daa on mwity itodents ate too »pam r 
drew any condutlone. bat it • likdy due frduae adiooTfa a, 
extremely mcMAd eaftrvonmc foe diem. 

Women nudenea are not a tnnomy at die usdrmduatc kvvl L 
our coOcpa and uonmAei, Yet die csNx i*ut eduoDon haa a 
them acta die atafc for diev minority prcaoKC m sndMte adwo 
Studiea indicate ttiae die Ktffjteero of womu itudena • Jowtted I 
ooSefe, whde die aelf«8cecm of male atodcnci ia raiaed. 

T^ ISkKW Valcdxtorun M«ct ( I J) WM a aiudy dut feUownl 
group of M atudtnti <46 women and J4 men) wtio had jnduate 
«ilWJatdie((spofdie«hijhachoaIda»«e.TTK|io«pwt«auc 
dw h!|h aeadetnk perfotTMnca; ««h d» wooca eaitent a «« 
irade pomt avetiie of 3^ and die men «i avwage of W for die 
caOep ytart. to ipke of dM objectwe fieotd, when d» *rou? wi 
wryeyed at aevetal nomta in Aelf cd»ieffloml caitert ^ 
dietr aeMmate of istdEsmce ctlaave to didr pern, die retuZ] 
abowB ia FI^ < wa^ obtaiaed. The ihift of sctf-ettcem o bwt 
rannia it <tuiee c.dcnt for die womia ttbdensi. At die end of hit 
Khooi die inwpe wwe <jiix oompwNe, but fawia KAted 
^ntflcan kM of adf^atcem ttt dK toptiomorc yctf of coOcfe. A 
die aenior year of coUeie. no ^MMm had a adtemttc 8) di 
ht|heK encipty. wtmi 21% of die men did, cvtn dioueh A 
fr«k pome mra|c of die WMMn WM Usher diM ^ of die mer 
fa cooena*, die aetf^aceem of die tncn ioataaed aUehdy dimni A 
ooDese yean. Even dioi^ women in acknce hm detm compk 
(loa rttca aboire thoae of the men and cany on to fradiate achool 1 
die wane ritt, dKac leiLit it««at due diay anw at rradwi 
«*ooiwKl( aome uncertainty abowdMTflb^ 
tadamie tecotda and teat acom are eouivakat to ^ 
A accood trend iiewd fa ddi atudy ( M) w w die to wtriflf of caret 

career aaaidow fa pare to onreioivtd dwl-Tieer problem- di. 
•a, dK iwdefirt twammiy about how ao cotabkw ciKCT 
fwpondbdmee. One of dtc nnae cf^ aaodoca for die 
WKftaiidBa abiM carter |oab wa» d» oppottaniey for wceeiaf 
profteaioMl cxpcncs^- fadependene reaeardi, ptofoatocul cn 
Mormaist, oppotii«iry for ir!wwk» wto graduate 
die^p»aod<Aoourz|n»entor«6cukymenm Moatwomr 
Joennaoof my itnerttion can ptcbibiy poast » a au^ indMdu 
who wtt wppotUve ac die uader|nKkiaoe levd widwa who 
efK«ri|P«oe diey MHdd not have 

Widwut aucb ooportunldea » wwwn iiude« may canr dttoui 
wid» eiceUein pertormaftce to daaaa but be oRiure about her xty 
pottattd >f a p rofaaioftal She may alao develop riit wt^-^OQ 
memed ''mipoeter" lyndrotitt widi ecoompanyiAf for of c>we 

AaaoeunoMAnAiaa i* 
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•piR of olifMM dan iodicaaf;) dMi ««mcB a iRi^ 
hm toMe tmiiywH i i t wny mt lt o dtar aik fan. t 
it»rfcwlyMilii«|irnw^ofwwimi»tfa»SaBferiMrtriy(|) 
itpoficd dirt link fmfiMioft tv indoMt ichool «M iMdtfi^ 
la dH Mn* iwnr (fO). wtiMaw'w i«9om4 owtdtfkttkr 
Kqockif tWHdi lUk W3i«L« idf iMiMBMc fipom M 

H twc dear fo« thi 11» fipom conU 4ho bt ftliitA 10 ill 
wu d mft toancQooa Fvdt hir itatmh advwr. Ia lont caaaa dif 
piMiM of dooQirinf iwtftfc abb fii]f oDGooiOQflif Mt fcr 
woBM ao M. irasMn icsjr bv ynts ooo nudli ^''^ ^ '^'^ 
budd«v pfoUaow (btom « ■ pcrccrred d« dKjr cM»oc do dH 
««t ilooa) aod dMi an Idk w floundff on dM Doif difiadi 
proMooa. la dH Scanfcid aonivjr, t2% of d)c mai aod 71% of tf« 
womca rtpomd bong wrkt a d wMi dwar pioiWn»; 73% of dw 

pnfrtiMif aa wctt a« odMT acudcMi (f). 

For dK woma MttdaM dMMacKta, » wcO aa die dapacttwM hi 
Mikb d«f Nu^» aomc am>m mmieo •» dicae uaim « wanifv. 
cd Obimh« dbcMBBom bccwacB adiriaar m4 aoadcat aboyi dtt 
a(adcB4e bK^RWDd ttqyind ao tttdcn^ cmato Ibw of 
dwuld taht ptacc aod wiyt ao a m any w:ik m ihould be 
idtooiad. Dkomoii of dtt cTeaattna of die dcpanmcat fa 
tndiac nidcm MsfiMiMK* bofoi^ 
of obtaom owria dMC Aonld b* mac oo dtt waf o kMkpMdait 
mcaniv aod mom apnlc MBcuka xo ncdxA of acqoirvf 
rocaidi flaMa att auffaidoos ab daal widt dioc Maoca. 

$(U(to of obtconc cvabadMa of die poitfldal and d» acorn* 
pSahemn of »«nai ^ qiaac d]iooivag«y rauloi 
in whkh imk or IMS Baowa an app4cd » r^fiinti. pro^^ 
aod papcva diat m dtti evOund by bedi-nuh aod talt 

Mktuot%ammM,r^»hcmA^i*mfr0*M^ flilTmiOa 

of »MIM an indnvalMd bf bodi nn aod vwo. i<M« ao ^ 
MAt doancaca wiih*mU anrdwioo t bdm dnr 

mduace adoiaoDa o4mi aff «inn of ddl and aaempc ao comet 
for k n tb* kdmiaaiow proeaa, but I woidd ba awpdfted if 
ndmdwL hardtreaaad fiodiy iw< inam 

Le«« oproiaoM « adriaa; w^Kiber cooadM 
toMi, tft cpik% poccrwd bf dit attdeoL jcroi^^ 
oocur mon often widi woaam xudoaai wbft aaad MSend 
(t*Sb*ek bacaun of diair teauoya poakkn. Tm ac«daM tmft 
thow dM woem mm kia &«i|uci)df wkh didr liMafdh adriaara; a 
arroMcr pamaqgi of wquka dua meo nacc wa Alj; a laqjsr 
pncmafa of wcmeo than mca ftpod iwacdng naif widi diair 
advocn. Alao^jnort weam repeat dMc tbaia kx aui ooi «Ml 
(kuk7 do act Cfovaii bdpM fti J bick OQ dtav rMaidi fto^m, 
11m Item » ba ({uabiaim diftttBoia to dM trpe of Mack *tt 
aoim •onaa midn» an loeUof far. To mnee oM ffooaw 
d)r Mrr lumr (fO): '*Mf «Mae laOa me wbeAir ri|K sot 
iriMbtr impMmc.* Woman Kpoftad kai ftfSiMr 
thtt dicy fek fitt » diufNC widi dKk advtaa or d«i dKtf Mm 
were ropccad bjrdMk advm (f). itaueofbankHao cM«a 
cocnniiaatioo nteda n be cxaoiioed by bodi adnaaci Md d^ 
«nDa tmdeoti. 

Many bcukf Mxialbr n tc nacY tiy wkh tbcsr p^iomt Kudent 
thnutb iporo «d faUbcaMl Mt^ovcdixn wd ma^ 
kavt otx d>r« wotneo icMeoo or even aitieic d« dnqr an 
wwcSnna ar Mb pdKnoii WooMO ati^bxa e6m coo^ 
dain a dim itdectioi of die quabty of dwk naaardi (fO). 
^eTcehwd iowtitd czpeoadoM kad dktxdy m I hM 
<Ad over dma o a la««r polbcnm^ K]^(Ufil]b« pro^ 
Wttta m>itm ^ dwr adracn a pm dial of po«ro ia 
MwHif ^iir«biljc]r.aAdiimat»a(«tOttcemaaaeaDdvd^ 
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dieir percepbooa of diii anenmene. 

Od aO of the qmaioaa 10 dM Stefod iwvty danpri to cface 
dM Icvd of 8df«oa£daace k dM acadamae aaoKv, dM wimm 
wiittm monA w>inini1i>. and to acme caaw iWrnwrtr, hnt 
thaA dM aw 10% of die «wani wnoa 1S% of dn mm 

cndoHS ddboh n accept; only J0% of *a «amm «c(M S7% of 
dK mco Ml ceoidem ipaattY ^ap iodaia; aod 1} rniw 9% ^ 
dMi ipedem op «»o<dd mtal Mr itedefaBoa (f), fa vWw of dtt 
binnrrrarrt nf itit hHrhit ijmk ibw i— tmamTTi irnftniuiui 
optneocea eo afidt mdapMeoee ki rile aotdeo^ aome aqpolcm 
6ac90O of the amao aOKkoia ia liaa aqoippad ao aaik ««. aa 
tnfapr, aod to prodt fiom dme tipcriansetk Rip Oc k a two aB to 
auwrabif poaNhw ptoAmooel oponcoota far att fndttare )Ctt* 
daoti atitMnoM Ac aafkoomaoe far wooHi WKknik 

Id die SiHdbid amrcf, oHve nooiao daak men (6%) 
c rp o ri ad tttm bano( bo4 ioejor leapooaMldta wafaii didr re* 
aaaiKk fTDNp (f), b boditte tanfacd aod Mn* iiB«e]ra» wooKA 
wfoned \m oppQw a oiir ao id \}Uk i « km fctyccdy bciag dw 
&itaH^oroorMcadooa(i; 10). Hmvc«tr. dMae ruub difend 
aooaa dapan^aatt, wfakdbe mogcaoow^wgrawihiobcdnrd m 



Barjcoonvntil Imict 

Wonm KfidoBH m wie n B npoct baiag eubfeet ao ifuppropratt 
t w a ow a m bjr CiDihy lod kia ta i i s co l imiefc InappcopcuBK titai* 
meat si dN ciiottH of (padoaia fdiool it aoy c u a mnu t dut 
onpbaiM ibc atvdtM aa a tvomaa iric ipd a aakot aaoool b it 
aey Bia uwro c dtai Mitam die Mcial aann of die rmncdoo cather 
ibao die ptoMoMi or adocatel oaow Mioy voRMo 
iOificM Rpott die oapaediy 09 oooDifeuiiy Cmd of locb ioapptopfi* 
ate btbartor k ofdir a9 be iloooiS to oooecaM 00 die ptofamoo* 
iljawttof yarbwir actool Tbii orothwial naol w reepood to audi 
traaiMBi can actk'flly lonrfhat wmIi die tetfoetacn aod prodacB^ 
ty of aoM tradaait aodtui ( U>. 

B«a 10% , dMt am aitt a faw tea^ aoamban In aaence aod 
cogMes wbo fttdy, oc It teMKMa mdi faodiy ooSeagMi. 
ti)» dM pMik^ itac wemao do act beioiig k yitoDt adwoL 
11m Mrvtdoek an ae Aa Inic totMad ard aildm piibb^ 
fh ilmi ri br tWt mn aanan, Foearie pii b iai i toidtntt gatUy 
baeome ivaca of mill Millie aMmoi^ aedi aedooa caoDot be 
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Overview 



Doctoral education produces the scientists, teachers, and scholars responsible for 
the discovery and dissemination of new knowledge and the preservation and 
interpreution of our intellectual and cultural heritage. Doctoral education is critical to 
our national security, international competitiveness, and the health of our citizens and 
the quality of their lives. 

Since World War H, the federal government has looked to research universities as 
tiic nation's primary source of basic research and research training. Federal support for 
faculty investigators, graduate students, facilities and instrumenution played a key role 
in the development of America's interdependent system of university research and 
graduate education, which is acknowledged worldwide for its quality and productivity. 

Hiat system is about to be severely stressed. Beginning in the mid-1990s, 
increased faculty vacancies and increased undergraduate enrollments will combine 
with a growing demand for L xuD.s in nonacademic markets to increase sharply the 
need for doctorate recipients. The Ph.D.s that will be needed should be entering 
graduate school now. 

But supply is moving in the opposite direction of demand. The percentage of U5. 
citizens receiving doctorates has dedined for over a decade. Non-Asian minorities and 
women remain severely underrepresented in graduate education. Tne deterioration of 
the academic research environment discourages talented students from pursuing 
academic careers. Under current trends, the nation will suffer an annual shortfall of 
7,500 science and engineering Ph.D.s just a few years into the next century. Shortages of 
nonsdence Ph.D.s will occur as well. Tl\e impact of such shortages will affect industry, 
government, and colleges and universities, all of which depend on doctoral education. 

Prompt action must be taken by all patrons of graduate 'xiucaticn-govemment, 
foundations, industry, and universities. The federal role should be to provide increased 
incentives for talented IJS, students to enroll in doctoral programs and to assist 
universities in restoring the quality of the academic research environment The federal 
government should take ti\e following actions: 

• double the number of fellowships and traineeships 

• increase support for research assistantshipstim)ugh federal agencies 
supporting academic researdi 

• provide increased incentives for underrepresented minorities and women to 
earn Ph.D.s 

• restore a comprehensive investment in university research by providing 
expanded, flwdble support for ref earch and direct funding for research 
facilities and instrumentation. 
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When preeminence in sdcnoe and teduwlogy was challenged In 1957 by the 
Uunddng of Sputnik, ti\e federal government responded with sharply increased 
funding for gridutte education and research. The response succeeded, increasing both 
^ size and quality of university researdi and graduate education programs* 

Thirty years later, a similar effort is required. A recent report by the White House 
Sdaicc Council on tne of U5. colleges and imiversiries concluded that "our 
imiversities today simply cannot respond to society's expectatioh for them or discharg<i 
d)dr national responsibilities in research and education without substantially increased 
support* ^ The cost of federal action to stra\gtii\en US. doctoral education will be far 
last than the cost to ti\e nation of a failure to act 



1. CXflce of Sdence and T«iu»log>r Polky, Executive Office of the President Biport of tte White Hwse 
SciwCmndlPtfnrfoBtttfHaaitfic/U^.Cbfl^flnd Washington, D.C: 1986. 
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THE FEDERAL ROLE !N DOCTORAL EDUCATION 



The United States invested an astimated $132 billion in R&D in FY 1989, and for 
good reason: R&D is critical to national security, industrial growth, advances in health 
care, and the application of new knowledge in virtually every facet of our society. 

R&D could not occur without doctoral education. Doctoral prognms educate the 
scientists akid engineers needed by industry, government, and universiUes. In addition, 
the students in those programs are a key ingredient of current research: they are active 
research performers, conducting a large portion of university research and enriching it 
with new ideas. To a greater extent tiian in oAer countries, U.S. graduate students are 
major determinants of the creativity and productivity of university research, the source 
of more than 50% of the nation's basic research. It is the depth of this graduate student 
involvement that makes the U.S. research establishment unique. 

The United States has built the largest, most accessible higher education system in 
the workL More tiian 50% of American hi^ school graduates enroll in higher 
education programs. In 1988, over 12 million students attended U.S. colleges and 
universlUes. These institutions employ over 700,000 faculty. Two-thirds of them hold 
doctorate degrees. Through their dual role in the discovery and dissemination of 
knowledge, doctorate faculty continually advance the knowledge students acquire. 

The reach of doctoral education extends beyond die university. In 1985 an 
estimated 43% oi. all Ph.D.s employed in this country were working outside of higher 
education.^ The demand for doctorate recipients In nonacademic sectors is growing; an 
increasing number of Ph.D^ in all areas-physical sciences, engineering, life sciences, 
sodal sciences, and humanities-are employed outside academia. [Figure 1-PA.D. 
EmploymentJ Hfty percent of 1987 doctorate recipients had employment commitments 
outside academia.^ 

Doctoral education has played a key role in virtually every major scientific and 
cultural event of ti\e last 30 years. The U5. space program, the enormous potential of 
genetic engineering, ti\e discovery of superconductivity, the elimination of nujor 
diseases, the green revolution in agriculture, books that have changed people's lives 
and illuminated public debates on culttu-al values and national goals, tite enrichment of 
the life of the mind through teaching and scholarship-all have benefited from doctoral 
education. So, too, will doctoral education play a pivotal role in progress on tite 
challenges that now confront us in environmental pollution, the maintenance of 
national secturity amid sWfting balances of power, and the yet unidentified problems 
generated by an expanding human population competing for diminishing resources. 



2. Bowav Howard R. aiui Schuster, Jack H. American Pn^esson-A National Raourc: Imperiled. New 

York- Oxford University Press, 1986. 
3. Summary Report 1987, National Research Council (p. 25) 
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Viewed from a different perspective, the nation's doctoral education enternrise 
carries out an awesome responsibility through a comparatively small and ddicate 
system. In 1986, 31,843 doctoral degrees were awarded, scarcely 3% of the 987^ 
bad>elor's degrees granted in that year. Aithou^ well over 400 institutions offer at 
least one doctorate*granting program, 60 universities provided more than 60% of all 
uoctorates granted over the decade between 1977 and 1986. This country's programs of 
doctoral education are widely and rightly regarded as among the Hnest in the world; 
the benefits of tiiat quality reach broadly ^irough our society. 



THE Health of doctorai Education 

In many respects, the doctoral education enterprise appears to be healthy. By most 
accounts, the qwdity of students entering doctoral programs is as high as it has ever 
been. In the context of shifting college pop\ilations and labor markets, ti\e number of 
Fh.D.s awarded has remained remarkably stable for a decade. Empbyment of 
doctorate recipients remains higher than dut of any other sector of higher education. 

However, the stability and quality of U.S. doctoral education is about to be 
severely duUovged Beginning in the mid>1990s. an increased rate of faculty 
departures wiUcomde with increased dem and for teadUny faculty. Anincreasein - 
faculty vacancies will occur as large numbers of profiessof5 hired duriiig the 
poet-Sputidk faculty expansion reach retirement age. lbs size of the 18- to 22-yearK)ld 
cohort which has been dedining, wiU reverse in the Ute 1990s and iiicrease through the 
first decade of the 21st century, producing increased college enrollments. [Figure 
I'-SkifHngCdkgHig^PopuMmi Anexpiwionof faculty will have to be part of the 
response to the increased teaching load. 

The sharp increase in demand for f&cultv will be superimposed on a growing 
demand for Ph.D.s in nonaademic markets. The competitiveness of the U5. economy 
will be subjected to increasing pressure by other tuitions in the years ahead. Our 
strongest competitors-Japan and the countries of Western Eur(^>e-are expanding their 
investments in sdence and tedmology, reoogniidng the importance of these functions to 
economic productivity. [Tigure 3~R&D Expenditures &y the U.S. and It, Eamontk 
Competitors] [Figure 4-Jntemittional Comptaisons ofSciznceand Engineering Emplojfmentl 

Kejponding to tivese dudlenges will increase demand for scientists and engir,ieers. 
llieenactmait in 1992 of the Common Market pact todiminate trade barriers will add 
to the competitive pressure on U.S. trade with England and Western Europe. This will 
be only one of the factors pressing American business to operate more eff^vely 
throu^ the languages and customs of its overseas markets, requiring expanded 
capacity in language and are& studies. 

Mator sdence projects aUo will increase the demand for sdence and engineering 
Ph.as. both wi thin universitjes and within government The Superconducting 
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Supercollider, mapping the human genome, and the space station will open new 
pjUhways to discovery. Other challenges, such as AIDS and the threat of global 
warming, confiront us now. The dentists and engineers needed to carry out these 
projects represent added personnel req«iirements; they cannot be drawn from the 
existing woiWorce witiwut diminishing our current R&D effort 

Are current policies adequate to meet increasing demand? There is clear and 
compelling evidence that the answer is no. Three trends are working against the 
capadty of universities t neet an increased denumd for doctorate rec^ients: (1) the 
dedining number of VKh.^ earned by US. citizens, (2) the continued 
underrtpresentation of non-Asian minorities and woitien, and (3) the deterioration of 
the academic research environment. 



DtclMng US. Doctorate$ 

.Although the number of doctorates awarded has remained stable for the last 
decade, the number of U.S, citizens receiving doctorates has declined steadily, offset by 
increased numbers of foreign Ph.D3. In 1970, 843% of doctorate red^ents were U5. 
citizens, 8.7% were foreign students witl. temporary visas, and the remainder were 
foreign students with permanent visas,* By 1986, the percentage of \}S, citizens 
receiving doctorates had droppea to 723%, while the percentage of foreign students - 
with temporary visas receiving doctorates doubled to 16.6%. [Fiiure S^eclming 
Proportion of U.S. Citizens Earning PhJ)s] 

The shift from U^. to foreign students has baen even greater in science and 
engineering fields. In the physical sdences, U.S. doctorate recipients dropped from 
82^% in 1970 to 623% in 1986; in engineering, the drop was from 73^% to 40.8%. 

Hiat so many forr' . students are enrolling in VS. graduate programs testifies to 
♦hp quality of those programs. The infusion of talented students from other nations 
strengthens our doctoral programs and enriches this country's intellectual resources. 
But it is unwise national policy to rely so heavily on imported talent and fail to develop 
our own intellectual resources. The Korean and Chinese governments have begtm 
systen ideally calling back thdr ?KDs educated here; other countries can be expected 
to institute similar policies as their environments for research and scholarship improve. 

The irequendy expressed concern that the best students are opting for careers in 
business or the professions is not quite accurate: some of our best students continue to 
pursue doctorate degrees, but not enough of them. 



4. ThftdlslijKtion between foreign students holding ten*' rtry vls« and those holding pmnanent 
visas i9 important since the latter are far vnon Ukdy ive postdoctoral employmer.t conwitments 
in dils countxy (National Kesearch Coundl Surrmary , ^ri J386 [pgs, 5-7}). 
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UnderrtpmenUtioK ^fMbtorttk$ and Yfomm 

Between the late 1950s and early 1970s, the size of t!ie graduate education 
enterprise grew rapidly. During that period, partidpation in doctoral programs by 
undcrreprescnted groups-non-Asian minorities and women^ncreased as well The 
increases of several of these groups have not been sustained or have been followed by 
actual declines. It is not dear what accounts for changes in partidpation rates. 
Partidpation in doctoral programs by all male groups except Asians decreased between 
1977 and 1986. The number of bUdc male doctorate? redpients dropped most sharply, 
&om 684 to 321; white male doctorate redpients dropped from 17,011 to 12^. 
Pa-tidpation in doctoral programs by all female groups increased over the same period; 
however, these increases occurred early in this period and appear to have Itveled off in 
die 1980s. 

In 1987, 7 5Ucks earned Ph.D.s, 4.5% of total Fh.D.s awarded. Since blacks make 
up roughly 12^ A the population, th^ are underreprescnted in education by nearly a 
factor of three. Hispanics, who make up 6f % of tiw population, received 2.8% of 1987 
Ph-D.s. Underrepresentation of women and minorities is particularly severe in the 
physical sd«ices and engineering. Blacks received less Aan 1% of the Ph.D j awarded 
to US. citizens in the ph^cal sdences and engineering in 1987. Women earned over 
35% of total PKD^ but only 6.5% of engineering Ph.D.s awarded that year. 

The underrepresentation in doctoral education of minorities and women must be 
addressed boA as a matter of practical necessity and of sodal Justice. We cannot accept 
die costs of a continued InabiHty to recruit the talent from the half of the popuUtion 
which is female and from minority groups, which are among the fastest growii^set^ors 
of our sodety. And we must question the equality of educational opportunity for 
groups persistentiy underreprescnted at the highest lev2ls of our educational system. 



Deterioration of ^ Academic Reuareh Btvironment 

Twenty years ago, academic researdi was onerating vigorously at die frontiers ol 
kno^^dtdge. The fedfe^d government had invest,>d heavily in aU aspects of the researd^ 
enterprise) from support faculty investigators and graduate students to support tor 
institutions, researdi instrumentation, and facilities. In oompariscm to industrial 
researdw academic research offered the rewards of greater freedom of Investigation and 
die opportunitytoteadiandtobcenridied by workhig with bright yourig^^^^^ 
stud^ts in research carried out widi state^die-art instrumentation and f adUtia. 

Today, mudi of Utat has dumged. The government abandoned Its support of 
iitttmmentatlon and fa dUties, redu^ its support of graduate education, and faUed to 
keep pace with die rising cost of research in die project grant system. As a consequence, 
eminent university investigators are conducting research on increasingly outdated 
instrumentation housed in inadequate research fadHtiej, Juggling several project grants 
to sustain core researdi funding, and struggling to find sufEdent support for their 
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graduate studenU. to contrast top industrial research Uboratories provide exceUent 
infrastructure support and provide their leading researchers with sustained funding 
and considerable freedom to explore their own research interests. 

With such a contrast before them, it is not surprising aiat many science and 
engineering college graduates choose to embark on a career in industiy-and begin 
earning a high salary immediately-rather than choose subsistence support during 
extenaed years of doctoral education followed by an increasingly arduous and 
unrewarding academic career. 

A ThtuforAction 

Supply and demand are moving in opposite directions in doctoral education. A 
recent analysis has shown that current trends will result in an amud shortfall of 7^ 
science and engineering ?h,D.s Jast a few years into the next century.' Increased faculty 
vacancies and college enroUmcnts will combine with expanded nonacademic markets 
for PhDj ir humanities and related fields to produce a sliortfell in nonsdence fields as 
well* 

Absent concerted action, universities, government, and industry will soon be 
pitted against each other in an intensified competition that will ill-serve the nation no - 
matter who wins. Teachers wiU be found ibr coUege classes, but the quaUty of that 
teaching and of the programs of research and scholarship conducted by the nation's 
faculty wiU be severely strained Diminutionof the quality of university teaching and 
research will reverberate through the entire system which draws on doctoral education. 
At a time of mounting challenges, foreign and domestic, the nation cannot afford such 
an outcome. 

nte increased number of Ph.D.s the nation will require should be entering 
g^aduateschoolnow. 'nu»einaeased graduate enrollments must be drawn from a 
shrinking pool of coUege graduates /saf/^tf 2/. Any market response will occur too 
late and will be limited and uiibalanced. 

VVhat actions need to be taken to empower the doctoral education enterprise to 
meet these challenges? Who must assume the responsibility to carry out those actions? 
The remaining sections of the paper describe overall support for doctoral education, 
examine the special role of the federal government and present recommendations for 
strengthening that lole 



5. A w^iv Richard C "Supply and Demand for Science and En^^eering Ph.D j: A National Crisis in 
the Making. Renwks to the Segente of the University of California, F^ni^ 
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WKO PAYS FOR DOCTORAL EDUCATION? 

Doctoral eduaiion benefits a number of stctnm of society, and a number of 
pitrons si^port the enterprise Federal and state governments, industry, private 
foundations, and universities provide financial assistance for graduate study [Table 
l^immcia! Aid for GradmU Education], 

^iUdfil^make the gr^test commitment to doctoral education. Over 42% of 
doctorate redpicnts report self-support as tftcirpimfl/yfonn of finan^ All 
dodoral students bear a lesH tangible but larger co6t in time and foregone income. It 
now takes over 10 yew after receipt of a badidor's degree to earn a doctorate degree; 
tiw median ag!e o( doctorate recipients is 33.6 years [TabU 2 "Timt-tchDegreel That is a 
decade of time during whidi doctoral students sacrifice inunediate career <^on3 and 
earned income. 

Irjtituaons provide the largest ^hare of financial assbtance to doctoiral stiuicnts, 
over 52% in 1997. Sudi support is provided primarily as teaching assistanbhips and 
institutional fellowships. Universities recognize the value of balanced, high*quality 
doctoral programs. Graduate students extend the teaching capacity of university 
^icuity eHectivdy and economically. Because dvey are so deeply involved in research/ 
exceptional graduate students provide universities with a powerful attraction in 
recruii^g a strong faculty. 

Foundatjong support doctoral programs in acoordano3 with their philan^pic 
goals. Twenty years ago, foundations played a key role in the build-up of the current 
university syston of limguage and area studies centers. Several foundations today are 
supporting programs desigried to fill gaps in graduate support Notable among these 
are the Mdbn Fellowships in die Humanities ar.d the pro-ams of several foundations 
designed to increase the number cf students ^m uitdenrepresented minority groups 
who receive doctorate degrees. 

Industry has a direct intercftt in doctoral education^ parKculariy in sdence and 
engineering. Individual corporations and industriiil coniJ£>rtsa support a nunU)er oi 
graduate f^owship programs designed to attract students ^r^io fields of interest to 
them. Ironically/ iiulustry provides a strong disincentive to enroll ii\ gn*duate 
eduati^» by h^ing sdenoe ^ rul e^iglneering coi^^ graduate at salaries which make 
graduate education an almost iiratioptl eoon<^c t JhcHce. Much has been written about 
the problem of industry "eatixtg its seii com." Industry recognizes a k)ng-term interest 
inenootiragingalarger portion of imidents to pursue doctoral education to provide the 
teadUng faculty upon which industry deperids. That recognition is not likely to 
produce a significant expaitzdon of graduate support, however. Shifts in corporate 
policies toward greato* long-term investments are not inuninei\t, particJarly wher^ the 
return on Inv^tment to any spedfic corporation i3 necessarily indir^c. incercain. 



6w 5imm«7yK£pcrf 19^5, Nationil Research Cound^ 
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Slata support doctoral educatica prinuuily through thdr support of resident 
public universities. A number of states recentiy have developed programs to enhance 
local sdence and technology capacity; expanded support for graduate education 
frequentiy is a component of such programs. Because the benefits of doctoral education 
are primarily natipnal in scope, stales, like industrial sponsors, are likely to remain 
constrained by the limited linkage betv/een investment in doctoral education and local 
returns. 



FEDERAL ROtB IN DOCTORAL EDUCATION 

It remains for the federal government to lead the effort to prevent a costiy 
divergence of supply and demand. Only the federal government has the capacity to 
mATshall the resources required for an effective national response. Only tiie federal 
government has a scope of responsibilities spanning the full range of functions 
dependent on doctoral education. 

Leadership in sdenoe and technology is a national imperatively and doctoral 
education is an essential component of our sd^tific and technolo^cal capacity. 
Ptescrving our heritage; applying the lessons of the past to present problems; 
encouraging die creativity of our dtizens; assuring that we are tiie masters, not tiie 
servants, of our sdence and technology-tiiese activities are the domain of teaching, - 
research, and scholarship in tiie humanities and in the arts, Hwy are national 
imperatives, and their support fai;^ squardy witiiln die province of the federal 
govoiuxient 

Hve federal government has a strong, vested intfarest in doctoral education. It has 
tiie tools to advance tiut Interest What are tiw appropriate mechanisms for federal 
action? An examination of tiw history of federal support and the adequacy of current 
programs provide a dear firamework for strengthening federal policy. 



History of Federal Support for Doctoral Education 

Federal support for university research increased rapidly during and after Worid 
War n, but not until the launching of Sputnik in 1957 did the government begin 
substantial funding of graduate education. 

Large-scale federal support for graduate study was initiated witii the passage of 
tiie National Defense Education Act in 1958, Over its 14-year life, NDEA Tltie IV 
supported nearly 46^)00 graduate students. Additional fdlowship and traineeship 
proj^ams were established in NUi NSF, NASA, and other federal agendes. Combined 
with support through research assistantships, the number of federally funded graduate 
stud/mt stipends increased from 1,600 in 1954 to approximately 80,000 in 1969, 
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growti\ in federal support was accompanied by a comparable growth in the 
size of the entoptise: doctorate recipients increased from just under 10,000 in 1960 to 
over 26/)0O in 1969. 

z Hie period of growth in federal programs was followed by a precipitous dedine. 

Between 1970 and 1975, NDEA TiHe IV fellowships, NSF traineeships, NIH/NIMH 
fellowships, and NASA traineeships were eliminated; NSF fellowships and 
NIH/NIMH/ ADAMHA training grants were substantially reduced Fellowship and 
traineeship support continued to decline into the 1930s. 

In the sciences, the decline in federal support was partially offset by an increase in 
researdi assistantships, from 21/400 in 1974 to 35,000 in 1986. Federal support for 
grtduate study in tite humanities and social sciences fared comparatively poorly 
tiuxni^iout ^ period of growth as well as dedine: liti;.' support outside NDEA Title 
IV was availabk to these disdplines during tiie growth period, and they Ucked the 
buHer of resetrdi assistantships during the dedine. 

Compounding the loss of support due to the elimination of fellowships and 
traineeships, the support provided by remaining programs has been reduced by the Tax 
Morm Act of 1986, which irude stipends taxable. 

IheGI Bill has also b<^ lost to doctoral students. Between 1966 and 1986, the GI. 
Bill supported 743,112 students in graduate programs. The demise of the post-Korean 
a Bill was a major loss of educational support at both the undergraduate and graduate 
levds. However, the loss of tmdergraduate financial support was offset at least in part 
by the enactment of major new student financial aid programs. At Ae graduate level, 
^ loss the GI bill simply dovetailed with the elimination' of fellowship and traineeship 
programs. 



Current Federal Sttppcrt 

In FY 1989, Ae federal government is spending a little over $200 million to support 
roughly 12^ graduate students tiwougji fellowships and traineeships nook S-FTS? 
Federal Supportl Induding an estimated 35,000 research assistantships, federally funded 
stipends total an almost twofold decrease from the peak number of 80/)00 in 
1969. Ffederal suppcrt for graduate education as a proportion of overall federal support 

for academic rcseardtdedined from inl969to in 1986. Hie oorreUtion between 

eroding federal support and dedining numbers of U.S. Ph.D.s is difficult to dismiss. 

Ihe federal government has taken several steps to expand investment in resea^rh 
and researdi infrastructure. Since 1980, support through NSF for instrumentation has 
Increased from 6% to 18% of its researdiexpendihires. Both the Bush and Reagan* 
Administrations have proposed a doubling of the NSF research budget over five years. 
In FY 19b^, Congress authorized an NSF research facilities program providing real hope 
of the firt- systematic investment in facilities by the federal government sincp the early 

8 
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19705. are indeed encouraging ti^ds, but much remaixw to be doi^ Congress 
has yet to apprq)riate funds for the new facilities program, the annual targets for 
doubling tfw NSF research budget have been missed in each of the first two years of 
that proposal and otirer federal agendes hrve generally not matched NSFs support ol 
research instrximentation. 



A FEDERAL Response to increased demand for ph.d.s 

To meet the need for increased doctorate recipients, federal policy must address 
the declining number of U.S. shidenb) receiving Ph.D.s, the undenepresentation in 
doctoral education of non-Asian minorities and women, and the deterioraticn of the 
academic research environment The history of federal support shows that national 
policy can have a profound and beneficial impact on the size and composition of the 
enterprise An attempt to scale precisely the dimensions of that effect, however, is 
likdy to foil because of the inherent imprecision of both demographic projections and 
manpower programs. 

The souiuiest approach is to focva on quality tiutjugh a federal policy providing 
increased incentives for ti\e nation's most talented college graduates to enroll in 
doctoral programs and actions to restore the quality of the academic research 
environment. Many of the components of such a pdicy are already in place; what is - 
needed is to strengtiien existing programs and fill certain gaps to produce a stable, 
balanced support system. The capacity of the federal government to respond is limited 
by its budget deficit Nonetheless, federal policymakers should act to the fullest extent 
permitted within their budgetary constraints. 

Federal policy should be organized around tiie following four components: 

• Fellowships and traineeships 
« Research assistantships 

• Support for minorities and women 

• Restoring the academic research environment 



t Fellowships and TraUutships 

Those federal agencies with a direct stake in graduate education should support 
strong fellowship or f aineeship programs appropriate to their missions. Studies of the 
comparative performance of students supported under such programs show that they 
finish their degrees more quickly and are more likely to receive research grant support 
dian shidents of comparable ability lacking such support. 
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Fdlowshlpe arc grants awarded directly to students by the granting agency. 
TYainaships are block grants awarded to institutions or departments; dep^tinwits use 
grant funds to provide traineeship support to students they select. In both types of 
grant program, four characteristics are critical to program success: 

• selection of redpiente based on merit 

• the provision of multiyear support 

• stipends sufficient to attract exceptionally talented students 

• payment of tuition and fees or an institutional allowance that meets a 
reasonable proportionof Ae actual institutional costs to educate a 
doctoral student 

The aUocation of grant support based on merit assui« that funds are directs 
ttiebc«t«tudaits and programs. Multiyear aupport providing a reasonable Uving 
allowance enhances the recruitmoit value of Ae grants, provides stability of suTOort for 
a substantial part of the doctoral program, and provide students with the freedom to 
pursue the educational program tiutU optimal for them. Payment of tuition and fees 
or an institutional allowance frc^ students of a substantial financial buixien and assists 
institutions in meeting educational costs. 

Most federal agencies with a dear interest in graduate education already support 
SOTfie form of fellowship or traineeship program, "Hius, the basic structure of an 
<^ffective matrix of programs is in pUce^ The costs to complete that matrix are not larffe 
The foUowing actions need to be taken: 

Doubk the number offdlowships and traineerhfps. 

When the U5. needed rapidly to strengthen its research and 
graduate education capacity following the launching of Sputnik, 
fellowship and traineeship programs were established to inaease the 
number of U.S. citizens earning Ph.D.s. The programs quickly 
accomplished this objective. 

The nation requires an increase in graduate enrollments by U.S. 
students again. Doubling the number of fellowships and 
tralneeships will provide such an increase. 

The doubling of federa. fellowships and traineeshins should include 
the following: 

- Complete NSFs proposed doubling of its graduate fellowship 
programs from 570 to 1140 new awards annually. 

20 
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- Inareaae the number of NIHtraineeships to meet the targets 
established by the National Academy of Sciences. 

- Expand the number of fellowships and tralneeships supported by the 
other major researdi-funding agendes, DOD, DOB, NASA, and USDA 
have well-designed and w^-administered programs, but they are 
small in comparison to the volume of university research supported by 
those agendes, [Table ^A^mcylAcademic R&D Obligatums] 

- Inafeasefdlowship<»i^?port for graduate study in the huma^ 
related fidds in two ways: (1) expand the Departonent of Education's 
Javits Fellowship program, the sole fadcral program supporting 
graduate study in the arts and humanities, and one of the few 
programs supporting graduate study in the social sdences; (2) 
estabhsn a graduate fellowship program in National Endowment 
for the Humanities. 

Incnase^helmglthcftimandleodoffinanM 
programs and fill program gaps: 

• Stipends should provide an adequate living allowance. Several existing 
programs do not meet that test, induding NIK traine^ps (although - 
tite NIH 'moved a welcome step in that direction with an increase of the 
predoctoral stipend for FY'89) an4 the Department of Education's 
Foreign Language and Area Studies (FLAS) fellowships. 

• Institutional allov«mces should meet a reasonable proportion of the 
actual institutional costs of education, inaeasing with increases in those 
costs. 

• The Department's FLAS fellowships pA^vide an average of only two 

y »ars of support in fidds in which the time required to earn a doctorate 
is over dght years. The recentiy autiiorized advancKi graduate 
fellowships for language and area studies students should be funded to 
fill this gap. 

• The Natioxud Endowment for the Humanities should establish a 
dissertation fdlowship program. Unlike sdence and engineering 
students^ humanities graduate students do not have access to research 
assistantships to provide support during their dissertation research. 
Support fixnn teaching assisttintships or fellowships has generally been 
U5ed up by students at the dissertation stage. A national competition in 
which dissertation proposals are j»:dged on the merits of the proposed 
research cotild be administered through the Endowment's existing 
mechanisms for funding faculty research fellowships. 

n 
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2« RtuarchAssistantships 

Agendes supporting university research should promote the support of graduate 
students as research assistants. The target should be at least one research assistant per 
yant Indugicri of graduate students as research assistants not only provides effective 
apprenticeship training but enhances the quality of the research itsplf by providing 
fr^ perspectives. 

Federal research agendes vary widely in the extent to which their research project 
grant programs support graduate research assistants. (Table S-Pending] Concern has 
been expressed in tfie graduate community that pressure, real or perceived, to limit the 
size o» grant requests to increase their likelihood of approval is discouraging faculty 
investigators from induding research assistants on their grants. However, in FY 1988, 
NSF supported 15,833 graduate students on 15^7 research project grants. NSFs target 
for FY 1990 is to support 19^ RAs on 17^94 project grants. Other agendes should 
adopt similar polldes tailored to their research programs. 

Congress should provide NEH with the statutory authority to support rese-jch 
assistantships. Althou^ the opportunities fbi' such support are more limited in the 
humanities than in sdence and engineering fields, the Endowment does support a 
number of major, multiyear research projects in which research assistantship support 
would j/xvide cost-effective research support while assisting in the education of future 
scholars. Research assistantships also would provide an additional mechanism for 
supporting dissertation work. 



3. Ssq^rt for Wonun and Minorities 

The underrepresentation in doctoral education of non*Asian minorities and 
women must be addressed by all sectors supporting graduate education. Several 
private foundations have focused on this problem. Institution' ^ are aggressively 
pursuing new and expanded recruitment and retention prr us. These efforts are 
producing results. At one university, the sustained involvement of faculty advocates in 
the recndtment and admissions process has produced a doubling of minority graduate 
students admitted in one year. At another institution, a systematic retention program 
has produced an 87% completion rate for minority doctoral students.^ 

The federal government funds a number of programs aimed at increasing the 
partidpatton of minorities in graduate education. Hie National Sdence Foundation is 
proposing a new pnwanr. of fdlowshipc fc- t*^en in engineering. The following 
' steps will enhance tl. .federal government's commitment: 



7. Th«e insatutionaJ programt are expensive. They require added faculty time for Indlvlduil 

monitoring and advising. Ihey require additlon&I courses and sem'juurs tailored to individual needs. 
The high cost of sudi institutlona] intervention and support for individual students limits their 
implementation by Institutions 
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• Expand the number and scope of minority graduate feJiowship programs. The 
Department of Education, NSR NIH, and NASA are among the federal 
agouies with strong minority fellowship programs, but some agendcs provide 
little or no support for minority students. 

• Ag«nde8\Wiidi fund research in fields sud\ as engineering in whidiwomm 
are severely underrepresented should develop programs to attract women into 
ti)ese fields. 

• Eadi research funding ageicy should adopt a program of project grant 
supplemsntation for supporting minority research assistants. Sudi a program 
would be separate from the primary grant appUcaticm and funding process, 
pannitting project investigators to add niinority RAs to their researdi program 
whenever the opportunity arises. An administratively simple program 
providing incremental funding for minority RAs would provide a strong 
incentive for faculty investigates to seek opportunities to engage minority 
graduate students as researdi assistants. 

• Inoease the number of wly identification pn)grams for talented minority 
undergraduate and hi^sdux^sttidents. The NIHKfinority Access to 
Researdi Oureers program CMAI^ is a highly suco>$sful program pro^ 
summer research intenuhips for minority undergraduates; a similar program- 
has recendy begun through the Department of Education. Sud\ programs 
should be carried out through eadi agency supporting graduate ^ucation. 

• Provide institutional matching grants for recruitment and retention 
programs-both to devtiop and to replicate successful initiatives. Sudi grants 
wo!^ allow institutions to expand their internal efforts significantly. 

These actions are directed primarily at the uiidergrtiuate pool from whidi 
graduate students will be recruited Butparticulariy in the case of minority students, 
underrcprescntation is traceable to disadvantages accumulating from tiie be^nnings of 
ttM educational pipeline; intervention must be^ well before students readi the college 
Ifl^ Agencies sudi as dve Department of Education, N5F, and NEH should explore 
iiew ways to woric widi local and state schod authorities to provide ttlented minority 
cMdren with ^ kinds of enridied educational experioices dut promote academic 
opportunity and excdlence. 
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4 Restoring the academic research environment 

Inaeased research funding, combined with greater stability in its allocation and 
greater flexibility in its use, will much to restore the quality of the academic research 
environment In aflaition, the federal government should restore its former commit- 
ment to the support of research infrastructure. In 1987, the White House Sdence 
Cbundl called for a $500•million-pe^year, 10-year effort as a "necessary minimum" 
response to restore the nation's de:eriorating acadenUc research facilities. To 
implement this effort programs such as the recently authorized NSF facilities program 
should be autfwrized and funded to the extent possible in each of the major federal 
agetdes supporting academic research. In addition, the Department of Education's 
TlUe Vn ^duties programs should be funded. 

CONCLUSION 

The federal government must play a oeptral role in strengthening support for 
doctoral education to provide the increased number of Ph.D,s that will be needed soon 
in both academic and nonacademic sectors. The medxanisms of federal support are 
laigdy in place. Strengthening existing programs and filling gaps in support can 
effectively increase the incentives for talented students to enroll in doctoral programs. 
Action now can curtail the divergence of supply and demand and develop jujre fully- 
our inteUectual resources to meet the challenges of tibie 21st century. 
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Rgure 2 - Shifting CoMegd-AQo Population 
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Figuf«4: International Comparisons of Science and Englnaerfng Employme.^ 
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Mr. Hayes. Thank you very much. 

Congressman Walgren has exited to go vote so he can return and 
take the chair over upon his return and try not to postpone the 
hearing too long. Within a couple of minutes, though, Congress- 
woman Schneider and I will have to approve or disapprove the 
journal for yesterday. You'll find out that much like within acade- 
mia, most people disagree with what we did yesterday as well as 
what we'll do tomorrow. I would like to, because of that, perhaps, 
interrupt and see if we can ask you a few questions during this 
transition before going directly into the testimony. 

I am most concerned because what you're telling me I've heard 
at just about every hearing we've had in any subject in America. In 
Des Moines, Iowa I've listened to university professors and depart- 
ment heads tell me about drain of talent in the sciences. I've heard 
them tell me about historic dependence upon foreign students — 
which they say in the same manner in which you do, and unfortu- 
nately sometimes it isn't reported accurately— that this is not a 
criticism of bright young people throughout the world who seek 
educational opportunity here. This is a recognition that that de- 
pendence is not everlasting and that the historic relationship 
among those wh^ stay in this country to contribute, as do so many 
bright young people from throughout the world, is not something 
we can count on for future decades. And, i\e second point that 
they make is that we don't seem to inspire our young people to 
pursue the sciences. It is not a matter of closing any of our doors, 
but a matter of, quite often a lack of excitement that's generated 
among those who go into other fields of endeavor. And you've 
added a third point— that we have also remov^ many of the oppor- 
tunities that Government historically was able to give, in a full rec- 
ognition that we want to encourage certain kinds of actions. Conse- 
quently, the suggestions that you have made along the line of what 
Government can do in light of tax considerations and additional 
funding I can certainly understand and wholeheartedly support. 

I would like to pursue the other point for a moment. What can 
any of us do, whether it is as parents, as Government officials or as 
educators, about that third element I named— that is the incentives 
among people to have an interest in a career in so many fields of 
the sciences? 

Dr. LiEBMAN. When parents respond positively when their chil- 
dren show curiosity abouc how things work, when parents and 
school boards make sure that there are competent science and 
mathematics teachers in the elementary and secondary schools, 
that's going to make a big difference. 

I think part of the confounding problem with what's going on, 
not only in the universities, but in the elementary and secondary 
school systems, is that salaries are low. Traditionally, teaching was 
a field which very bright young women entered. Now bright young 
women have many other opportunities, and the quality of the 
teaching we see has dropped. 

Mr. Hayes. Additionally, we ve had an opportunity to go with a 
very fine man who was the Congressional liaison for NASA, a 
former astronaut, and time after time when we would go to small 
high schools, we v/ould find that the science teacher was a teacher 
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taking over the science classes as an additional burden, rather 
than a primary field of endeavor. 

Is this a subsequent generational impact of not having additional 
students going through our universities who in turn are teaching 
the sciences— are we now seeing the erosion of the educational base 
because of the previous two decades of dropping our number of 
graduates who in turn are teaching sciences? 

Dr. LiEBMAN. Absolutely. A teacher who has taken over another 
class to teach science who has no innate love for science, is not 
going to be able to instUl in his or her students the love of science 
and investigation that was before. 

Mr. Hayes. I apologiz^j to you, but in order to make this work, 
Pm going to ask that we suspend the hearing for just a few mo- 
ments, and as soon as Congressman Walgren returns, Fm sure he'll 
take the chair and begin again. Doctor, I apologize to you, although 
when you come to visit South Louisiana, Fll be sure to change your 
nam again so you'll be recognized. Thank you. 

[Recess.] 

Mr. Walgren [assuming Chair]. Gentlemen and gentlewomen, 
let me call you back to order and we'll proceed. I want to ask unan- 
imous consent that the statement of Congressman Costello be in- 
serted at the appropriate place in the record. 

[The prepared statement of Mr. Costello follows:] 
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OPENING STATEMENT 

BY U.S. REP. JERRY COSTELLO 

COMMITTEE ON SCIENCE, SPACE AND TECHNOLOGY 
MAY IS, 1989 

"INVESTMENT IN RESEARCH AND DEVELOPMENr 

First let me thank Dr. Judith Uebman, Vice Chanceior for 
Research at the University of iiiinois, for being abio to testify 
at today's hearing. The University of liiinois piays a crfticai 
roie in providing research and development for the entire state, 
and their leadership in this area should be commended. 

Researci} and development are two key areas to international 
competitiveness, and the focus for technological advancement. If 
our economy Is to lead the world in new ideas and new products, 
we must have be at the forefront of the field, and the only way 
to do ihis is through increased research and development. 

Studies show that American funding for research and 
development is well below that of our international competitors. 
As the chairman has pointed out, between 1970 and 1987 there 
actually was an 8 percent decrease in the number of patents 
awarded to U.S. inventors, while patents awarded to foreigners 
Increased by almost 30 percent This is Indicative tliat Qur 
country's competitiveness is at stake. 

I look forward to today's hearing and hearing the policies 
that will encourage research and development in the private 
sector. 
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Mr. Walgren. We will continue with Dr. LaPidus' statement, 

STATEMENT OF JULES LAPIDUS, PRESIDENT, COUNCIL OF 
GRADUATE SCHOOLS, WASHINGTON, D.C. 

Dr. LaPidus. Thank you, Mr. Chairman. It's a pleasure to be 
here this morning. I am president of the Council of Graduate 
Schools, which is an organization of 388 universities that grant the 
vast majority of graduate degrees in the United States, roughly 95 
percent of the doctoral degrees and about two-thirds of the masters 
d^ees. 

We, like you, are concerned about the scientific and technological 
future of the United States, and a great part of that concern has to 
do with Americans going on to graduate school in science and engi- 
neering. If we are to oe competitive in the kind of world economy 
that exists, it is imperative that more Americans become scientifi- 
cally and technologically literate, and that more go on to careers in 
research. 

Unfortunately, as Dr. Liebman has pointed out, just the opposite 
is occurring. The numbe)' of American students going on to gradu- 
ate school in science and engineering is declining and has b^n for 
some time. 

The demographics of the graduate population are fairly complex. 
We don't understand all the reasons for this, but we do understand 
some of the things that influence students when they try to make 
choices about going to graduate school. 

I think it's fairly clear that students who are qualified for gradu- 
ate school understand that there are lots of other things they can 
do to make more money. The current starting salaries for scientists 
and engineers holding a baccalaureate degree in 1989 ranges be- 
tween $25,000 and $35,000 a year. 

Students considering graduate school find out fairly quickly that 
assistantships and fellowships provide stipends at a range from 
about $7,000 to $10,000 a year with some of the very prestigious na- 
tional competitive fellowships going up to about $15,000 a year. 

Since it takes about five to seven years to get a Ph.D. in these 
fields, it doesn't take much calculation to show that the foregone 
income for students taking this step is at least $100,000. But stu- 
dents have been willing to do this, providing they can get some 
support to go to graduate school. 

One of the important things to keep in mind is that graduate sti- 
pends have never been developed to be competitive with industrial 
salaries. That really isn't the point. The purpose of graduate sti- 
pends is to provide enough support for students to live on, so that 
they can go to graduate school, and do research full time. 

That being the case, there are probably three mayor factors in- 
volved when considering the kinds of support necessary to accom- 
plish this. One is that it has to be available. Probably the best kind 
of Bupport to have available is fellowship support. One of the rea- 
sons for that is that the next factor has to do with Fome kind of 
assurance of continuity Students considering this long haul of ar- 
duous and demanding work like to feel that there is some assur- 
ance that they are going to be supported for more than one year. 
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Finally, the dollar amount of the awards that students seek has 
to be enough so that they can live during this period of time. 

We've seen this happen in the United States before, as Dr. Lieb- 
man has pointed out. D^rng the 1950s and 19608, a marvelous pro- 
gram of Federal support developed for science, engineering and 
graduate education in general, and it worked. Lots of students 
went to school, and there was a tremendous outpouring of science 
and technology from this country. 

Unfortunately, while we have been reaping the benefits of this 
investment, the rest of the world has been catching up, and we 
seem to have been going about the process of decreasing our com- 
mitment. The number of fellowships has declined dramatically, and 
the Tax Reform Act of 1986 also decreased our commitment in this 
area. 

Prior to 1986, fellowships and most assistantships were not 
taxed. That goes back about 30 years. The Tax Reform Act of 1986 
changed that so that the stipends, and by that I mean the money 
that students use to live on, room and board and other living ex- 
penses, the stipends are now taxed. The amount of that tax, and 
the level of decrease of a stipend, depends of course on the stipend 
itself and on the tax category of the student. But for the most part 
it amounts to about 14 percent, considering that most graduate stu- 
dents are in that category. What that means very simply is that a 
$10,000 stipend a couple of years ago is now a $8,600 stipend. 

Associated with this reduction in stipends is the fact that certain 
kinds of tuition awards and waivers that are considered compensa- 
tion, particularly, in return for services such as teaching, are also 
now taxable. The end result of this is that the tax code, which until 
now had been seen as being supportive of higher education, now 
seems to be operating in the other direction. 

This is an unfortunate trend and I think we need to look at al- 
ternatives. If we are serious about increasing the commitment in 
this country to the future of science and technology and our com- 
petitiveness, and if we are serious about attracting more students 
to go to graduate school in these areas, clearly the way to do this is 
not by decreasing the number of fellowships available and decreas- 
ing the dollar value of those fellowships. 

I think a much wiser approach would be to do what we ha^'e 
done iii the past, that is co invest in this country's young people. 
There are a number of ways to do this, but one of them clearly is 
the kind of plan of well-constructed incentives that Dr. Liebm xn 
has mentioned, including traineeships, fellowships, assistantships 
and support for the research community. 

This committee, historically, has been a strong advocate for these 
'approaches, and we urge you to continue that and furthermore, to 
make it clear to your colleagues on appropriations and revenue 
committees that the task of providing adequate support for this na- 
tion's cadre of scientists and engineers is far from over. 

Thank you. FU be pleased to respond to any questions. 

[The prepar..d statement of Dr. LaPidus follows:] 
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Mr. Chairman and Members of the Subcommittee: 

My name is Jules LaPidus, and I am the President of the Council of Graduate 
Schools. The Council of Graduate Schools has 38S member institutions around the 
countiy and represents the vast majority of producers of graduate degrees in the 
United States. Prior to assuming my COS office, I was Dean of the Graduate School 
and Vice Provost for Research at the Ohio State University and a professor of 
medicinal chemistry for twenty-sbc years a.. JSU. I am pleased to be with you ar^ 
the other mi^mbe.'s of the Subcommittee here this morning and would ask your 
permission that my written remarks become a part of the record of this hearing. 

The charge of this hearing accurately reflects the concern that many of us have 
with producing an adequate supply of scientists and en^neers. VS. college students 
are graduating with increasing amounts of debt and many of us are concerned today 
that they will not choose the long and relatively costly route of obtaining advanced 
degrees in science and engineering. I am not completely convinced that we 
understand the cause and effect of the situation that exists on campus today. Some 
individuals clearly love learning for its own sake, and will pursue it regardless of cost, 
rewards, or benefits. Nevertheless, living within this society increasingly requires that 
individuals take into account the overall context in which they work and the overall 
sense of salaries and the market economy in which we all exist 

I want to briefly discuss the incentives we provide for students to go to graduate 
school, particularly in terms of fellowships and the impact of recent changes in the 
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tax code on the size o graduate fellowships and assistantjhips. Fellowships and 
traJneeihips provide an ideal way to pursue graduate degrees in science and 
engineering. They provide assurance that support will be available for some multi- 
year period of full-time study in the arv.a of science and engineering of interest to the 
student Students can go through the process of learning to be independent scholars 
and researchers* receive a Ph.U.» and move out into universities* industiy, or the 
government fully certified and capable of making a life-time contribution to the 
discovery of new knowledge and to teaching other individuals whether in the 
workplace or in the classroom. Regr'^,^!ully» at the moment there arc relatively few 
such awards available. In 1989» the entire federal government is providing only 
12»0(M} such awards. Few of them* with the exception of those funded by the 
Department of Defense* are as generous in their support as are the fellowships 
offered by the National Science Foundation ($13,100 stipend plus a $6»000 *-:ition 
allowance). Except in quantitative areas» such as the social sciences supported by 
NSF» there is almost no similar federal support available in the social sciences and 
the arts and humanities* with the exception of a small fellowship program supported 
by the Department of Education which is significant and which is the only major 
support for the arts* humanities* and social sciences. 

The decline in the number of fellowships has created a serious problem. The Tax 
Reform Act of 1986 ma(^e it worse in several ways. In the period of years between 
1954 and 1986* fellowships and most assistantships provided to graduate students 
working fulMime on degrees were not taxed Students received stipends to provide a 
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living allowtnce and tuition scholarships or waivers to pay for tuitioa The Tax 
Reform Act of 1986 reversed 25 years of favorable tax policy and made living 
allowances taxable, thus decreasmg the value of inese allowances by whatever the tax 
rat«s of the individual student might be, usually 14%. The 1986 Act also taxed that 
portion of the tuition award or tuition remission that was received as cr mpensation 
for services. It did all of this in a convoluted way, focussing, as tax policies generally 
dor on the mass of population which includes the 12 million undergraduate students, 
most of whom were assumed to have little if any tax li&bility and thus would not be 
affected in any major way by such a policy change. In that respect the tax writing 
committeesr the Ways and Means G)mmittee of the House of Representatives and 
the Senate Hnance Committee, were absolutely correct Unfortunately, for the 1.4 
million graduate and professional students of whom perhaps 500.000 are engaged in 
fiijl'time pursuit o* a doctorate degree, there were significant differences and there 
wcrt tignificant new tax liabilities, particularly for those students who had a wcdung 
spouse or who, like most graduate students, recnved teaching or research 
assistantships. Congress did rcwognize this and proposed a technical amendment in 
the Technical and Miscellaneous Revenue Act of 1988, to the effect that tuition 
reductions tn excess of reasonable compensation for teaching or research are 
excludable from income. Our office had literally hundreds of phone calls from 
students, faculty members, and institutions around the country to tiy to clarify the 
situation and we are grateful for the support of the Congress over the last two years 
in reaching this darificatioa 
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The 1968 Tax Act proved that strange offspring can issue from the marriage of 
tax reform and education policies. Advocates of tax reform argued that in fairness to 
individuals who pay for their education v.ith after tax dollars it should discontinue 
the practice of tax-free scholarships. The education community argued that the very 
purpose of a scholarship was to subsidize and provide a benefit to a worthy 
individual and subjecting scholarships to tax clearly defeated this very important 
societal goal. The C')mmittee decided to split the difference in a decision which did 
violence to both sides. It allowed tuition scholarships to remain untaxed while taxing 
payments for room and S)ard. In a further twist» it subjected to tax» tuition waivers 
provided to graduate teaching and research assistance bas^c? upon the value of the 
services they provided. These changes are part of an iiriortunate trend* in which the 
Tax Code, which once favored education, now heavily burdens it. The cutbacks and 
periodic expiration of Section 127. Employer Provided Education Assistance, and the 
increasing tax burden bom by scholarship recipients, particularly graduate scholarship 
recipients, is an unfortunate turn of events. We find this somewhat puzzling given 
the strong support for continuation of the research and development tax credit. We 
support the credit and want to see it extended and so does a powerful coalition of 
high tech businesses. We would hope, however, that Congress also recognizes the 
importance of higher education . particularly graduate education, in our efforts to 
remain competitive in the world, and that the Congress consider reversing its recent 
unwise decision in the area of taxation of scholarships and graduate tuition waivers. 

But Congress was determined to create a new kind of structure with fewer 
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instances of specialized treatment of both business and Individuals and this was 
perhaps a necessary sacrifice tov ards that end. Nevertheless, this is one more 
example of a situation that has created an additional impediment for students 
considering fuH'time graduate Jtudy. 

The other long-term concern of graduate schools in convincing students to pursue 
advanced degrees has been the concept of foregone income. It is perhaps clearest to 
note in the case of engineers right now. A student with a bachelor s degree in 
engineering can almost immediately go to work in the private sector at a salary of 
$25,000 - $35,000 (see Table 1). That is dose to the range of Assistant Professors' 
salaries after completing a Fn.D. ($26,000 to $36,100 at comprehensive institutions). 
If one is concerned about the concept of foregone income, which is to say the 
income that one could earn after the bachelor's degree, that is not bei'~^ earned 
while one is studying for an advanced deg: * the foregone income cost of a graduate 
degree is increasing at a rate much faster than inflation. Couple that with the fact 
that the awards provided by the federal government or private sector, or individual 
institutions, are now taxable and have been reduced in value since 1986 by 
approximately 15% across-the-board, and you realize why many of cur policies seem 
to be at odds with each other at creating incentives for students to pursue graduate 
studies in science and engineering (see Table 2). Clearly, the NSF fellowship 
program is successful as are NIH traineeships and the new assislantships in areas of 
national need and they offer models that we would be delighted to see expanded. 
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Fellowships and trainecships help to provide a critical mass of scholars and 
researchers. V'e do not believe that the size of that critical core group is large 
enough. Make no mistake, scholars are not saying they should be tax-exempt or that 
they should not pay their fair share of taxes. The question ha« to do with 
reasonableness. 

The Council of Graduate Schools believes that what would most help retore a 
reasonable approach to federal science policy is a balanced pa ^Kage of support as my 
colleague from Illinois has disctissed. Inaeoses in fellowship, traineeshipi and 
assisianiship support, coupled with expansion in competitive research awards, early 
identification efforts, and a restoration of federal facilities initiatives would provide 
the kinds of incentives that wc believe would be effective in increasing the number of 
stijdents in science and engineering while advancinj^ this nation's ability to conipete 
in a world economy. 
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Table 1 



Average Starting Salaries for 
1989 Bachelor's Graduates 

Degree Field Annual Saiarv 



Engineering 


$30,600 


Chemical 


32.604 


Civil 


30.036 


Electrical 


30.804 


industrial 


29,832 


Mechanical 


31.116 


Petroleum 


35.148 


Chemistry 


28.488 


Computer Scl 


27.756 


Math/Statistics 


26.316 



Source: Northwestom Undquist 
Endlcott Report 



Compiled 1^ ^ Offho cfinfbmation Senices 
C(HJncff of Graduate Schoob 
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Table 2 



Graduate Research & Teaching Assistant Stipends^ 
Academic Year 1938-1989 

Research Teaching 
institution Assistantships Assistantsnips 


Boston Coiiego 


$8,100 


13.100 


Brown Univdrsity 


7.650 


8.300 


Com«IIUnlv«rsHy 


7.657 


7.378 


Dartmouth Co(l«e9 


7.050 


7.500 


Q«orgla InstKute of Tectinology 


6.750 


6.750 


LthlghUn^vtrshy 


8.100 


8.000 


LoyoU UnlvsftJty o< Chicago 


9.000 


9.000 


Michigan SUtit Unlv«r8tty 


9.338 


9.331 


^4«w Mexico SUto Univsrslty 


7.862 


7,862 


OhJoStattUnlvarsHy 


3.190 


7.703 


Pannsytvanla Stats University 


8.000 


8.000 


Prtflctcon Univars^ 


8.800 


10,000 


Southam tnino<a Unh/cfsfty. Cart>ond4lo 


7.000 


7.000 


Stanford Univccsity 


8.389 


8.650 


Stata UnlvarattyofN«w\^atStony Brook 


8.400 


8.000 


Unlvarattyot Alaska 


10.500 


6.000 


UnKwaay of California. Barketty 


8.249 


10.634 


UnlvarsHy of California. Los Angeles 


9.500 


10.634 


University of Caiifomia. San Diego 


8,175 


10.634 


University of CailforrJa. Santa Cruz 


8.250 


10.634 


University of Chicago 


8.100 


8.100 


Univeralty of Connecticut 


8.290 


8,230 


University of Maho 


8.049 


7!358 


University of Iowa 


10.250 


9.550 


University of Kentucky 


7.983 


6.664 


University of Louisvflie 


8.0C0 


8.000 


University of Maryland. Coitewe Pa/k 


8.225 


8,226 


UnlversHy of Notre Dame 


7.200 


6.200 


Unlveratty of Oklahoma 


7.173 


7.259 


Univerafty of Sout^ California 


8.658 


8.656 


University of Texas. Austin 


7.358 


7,713 


University of Tennessee. Khootville 


8,331 


7.303 


University of Wisconsin. Madison 


8 768 


10.539 


Wayne State University 


9.500 


9.000 




$S.750-$1 0.500 


$6.000-$1 0.634 


* Average at^jend in science end engineering fiekls 

t>ased on ro% appointment over 9 or io month academic year. 

Source: COS Survey. May 12. 1989 



Compiled by ih9 OfUco of Information Swvices 
Council of Graduate Schools 



ERIC 



75 



'72 



Mr. Walgren. lliank you very much, Dr. LaPidus. Can you tell 
me more about v/hy the numbers of fellowships are decreasing, 
aside from the tax side? Are the numbers of graduate stipends de- 
creasing in actual availability? 

Dr. liAPmus. There has been a real philosophical shift over the 
last 20 years from grant support to loan support. The large number 
of fellowships that were available in the mid-1960s, feUowships and 
traineeships at the level of about 80,000, has now dropped to about 
12,000 as a result of conscious decisions to reduce thes^ellow- 
ships— we're talking about Federal fellowships now— and to move 
to a different mode of funding education, that being loans. 

Mr. Walgren. I guess I'm— most of us got caught up in the tax 
leveling process and it really, from a Congressional standpoint, was 
not an effort to disadvantage anyone. In fact in the tax reform 
process of 1986 it was generally thought that we were providing 
uniform treatment rather than any particular disadvantage. I 
guess mv questions then go, if that current is running broadlv, 
then isn t our best defense to increase the actual support, either m 
numbers or in value? 

Dr. LaPidus. Absolutely. The end result of all this is that the in- 
centives, particularly the incentives in terms of providing reasona- 
ble living expenses so a student can go to school full-time are less 
now than they were. That's true because of a nimiber of things. 

One is that there are fewer fellowships available, another is that 
the Tax Reform Act in this attempt to approach a level pla3dng 
field also decreased the amount. Now you can overcome that in a 
variety of ways, but what has to happen if we really want to en- 
courage more students to go into school— and I think students are 
prepared to make financial sacrifices, but they have to some assur- 
ance of adequate support, in order to undertake this rather long 
haul of going on to graduate school— what has to happen is that 
there must be adequate support for them to do this. 

Otherwise, they simply have too many other choices available. 
We*r« talking about bright kids who have a lot of things that they 
can do. They are looking for some signal that there is enough sup- 
port for them to go on and do this kind of work. 

Full-time work in the fields we are talking about, full-time grad- 
uate education, is generally talked about in terms of 70 hours or so 
a week in the laboratory and in the class room. There is simply no 
time to work on the outside. 

Students have to find dollars so that they can live while they are 
engaged in this kind of work, whether we do it by changing the tax 
law or increasing the stipends, whatever, we have to put more 
money into this so that it happens. 

Mr. Wawjren. What's the trend in constant purchasing power of 
stipends over the SO years? When you look back to the 1950s, were 
those at comparable levels? Have they kept up with inflation? 

Dr. LAProus. I don't think so. I think they've lagged behind infla- 
tion. But the range that I mentioned today > of basically $7,000 to 
$10,000— the $10,000 is quite high. Probably most of the stipends 
for graduate students today are in the area ot $8,000 to $8,500. 

That compares with stipends in the 19608 of $2,400, perhaps, for 
NIH trainees. That's the kind of comparison that we're looking at. 
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Students don't live like kings on that kind of stipend, but it is 
enough to get by. 

Mr. Walgren. What tax bracket does that put them in? 

Di LaPidus. In the 14 percent bracket, usually, depending on 
whether they have spouses and file jointly, and so on. 

Mr. WAixjaEN. When you look back at the 195()s, are there differ- 
ences in the kind of support that brought a substantial number of 
people committed to graduate school m the 1950s? Dr. Liebman, 
did you have that in your testimony? 

Dr. Liebman. Yes, as a matter of fact one of the biggest differ- 
ences we see is traineeships. The number of traineeships really 
plummeted to practically nothing at the beginning of the 197()s. 
Traineeships provided a particularly stable block of funding that 
both faculty and students and the program that had the trainee- 
ships know it's there and know it will continue. 

Mr. Walgren. Apparently, there is this difference between fel- 
lowships and assistantships? 

Dr. Liebman. Let me explain in a little more detail the differ- 
ences. An assistantship is a stipend given to work on a research 
project or for teaching at the institution. 

A fellowship is an award given independent of a student's actual 
time investment in research or in teaching, and is given to the stu- 
dent individually as a national award. 

Traineeship programs are a block grant that are provided to a 
program within an institution and then that program uses a train- 
eeship to fund graduate students that they select individually to be 
admitted to that particular program. 

Mr. Walgrkn. I see. And we've had a decrease in fellowships and 
traineeships? 

Dr. Liebman. And a very large increase in assistantships, but the 
increase in assistantships has not been enough to outweigh the de- 
crease in fellowships^ and traineeships. I believe the net decrease 
has taken us down to, v/ell, I don't know the exact level now — 

Dr. LaPidus. It s almost half. In other words, comparing to the 
total number available in the 1960s, and looking at the combina- 
tion of assistantships, fellowships and traineeships, we're down now 
to just a little better than naif of what was available in the early 
1960s. 

Mr. Walgren. So in terms of overall support for assistantships, 
fellowships and traineeships, the effective level is one-half in the 
late 1980s? 

Dr. LaPidus. Close to that. 

Mr. Walgren. That's from all sources? 

Dr. LaPidus. Federal sources. 

Mr. Walgren. Federal sources. Do you have a.iy instinct for 
what the overall from all sources might be? State and local and 
perhaps school-based efforts have increased to fill the declining 
support from the Federal Government, but have increases from 
other sources been enough to replace the decline in Federal sup* 
port? 

Dr. LaPidus. No. There has been relatively little support of this 
type, particularly the fellowship and traineeship support, from in- 
dustry and also from the states, and from the institutions them- 
selves, there have been increases in the number of teaching assis- 
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tantships provided and some increase in the number of research as- 
sistantships provided at those levels. 

One of the points about fellowship and traineeship support is, as 
Dr. Liebman mentioned, for a student considering this rather long 
period of time to go on to school, that kind of support provides an 
assurance of multi- year funding. Assistantships are one year at a 
time, and depending on the source of that assistantship, it may 
have to do with enrollment or it may have to do with the particu- 
lar time that a research grant expires. Those are a year at a time. 

For a student looking at alternative sources of support, the as- 
surance of long-term funding is extremely important. It makes it 
more attractive. If we're really talking here about making this 
kind of a choice more attractive to students, we're talking again 
about traineeships and fellowships, because those are the i-ittractive 
kinds of support. 

Mr. Walgren. I see. In making something attractive or having it 
be attractive to young people, certainly what they anticipate at the 
end of their ^aduate studies is something that they are consider- 
ing very significantly, as well as the level of support that they are 
going to get in the meantime. 

How big a factor do you feel was the nice pickup that they had 
in the 1960s at the end of graduate school compared to today? I 
gather the difference would be, perhaps in the 1960s there may not 
have been quite the lucrative present employment for them, the 
$100,000 foregone that you mentioned in your testimony. Dr. LaPi- 
dus. Has that changed? 

Dr. LaPidus. One of the things that happened in the 1950s and 
1960s is that there was tremendous expansion in universities in 
this country, and tremendous expansion in faculties. You had pro- 
grams like the G.I. Bill and so on. Thousands of students were 
swarming universities and we needed more faculty. That dropped 
off to some extent in the 1970s and it is very clear now that as we 
look at the 1990s and beyond, we are facing terrific faculty short- 
ages. There are going to be faculty jobs, good jobs, at good salaries 
forpeople going on. 

The difficult point about all that is the lab period involved. As 
Dr. Liebman mentioned before, we're talking about five to seven 
years or longer to get the Ph.D. The faculty we need in the late 
1990s are in college now. Again, the question before us is how to 
make them understand, first of all, that there are a lot of exciting 
and interesting things they can do in science and engineering, sec- 
ondly that there are going to be jobs available in universities and 
in our technology-based industries, and that that's a good way to 
look at the rest of their lives. 

Granted that the period in graduate school will result in fore- 
gone income, they will be making less than they would if they went 
directly into industrial positions, because there are good opportuni- 
ties available. 

Mr. Walgren. So one of the attractions for those who went on to 
graduate school in the 1960s was because they felt that there were 
faculty positions that might be available to them in the expanding 
university base. That has certainly has not continued. In fact, my 
instinct is that in recent past, faculty positions have been very lim- 
ited. 
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Dr. LiEBMAN. Except in engineering. Engineering has continued 
to expand. One of the big factors, most of the Ph.D.s back in the 
1950s and 1960s went into academics. They saw the academic life 
as a very attractive life. 

Now, I do not believe many of them see the academic as a very 
attractive life, because they see their professors working 70 and 80 
hours a week in the laboratory, scrambling to keep multiple re- 
search projects going so that they can support the graduate stu- 
dents, they see a lot of pressure that was not there in the 1950s 
and 1960s. 

One of the things we have to do in our institutions is to help 
take some of that pressure off the professors, so that the job looks 
more attractive, becomes more attractive. 

Mr. Walgren. What are the present attractions for a Ph.D. 
other than university teaching? What kind of salary and demand is 
there for them in the private sector after graduate school as op- 
posed to before? 

Dr. LiEBMAN. Industry is extremely interested in get\ing addi- 
tional doctorates, not just in science and engineering, but in many 
other areas as well. In science and engineering, not only is industry 
providing a much higher salaries than academics, but they are able 
to supply them with better labs and more up-to-date laboratory 
equipment. 

Mr. Walgren. But people are not going on to get the Ph.D.s be- 
cause apparently there must not be— 

Dr. LiEBMAN. But at the same time that industry says it needs 
Ph.D.s, it also knows that it needs scientists and engineers coming 
out with masters degrees and bachelors degrees. It is offering very 
lucrative wages at those levels as well. 

Mr. Walgren. The chair recognizes the gentleman from Califor- 
nia, Mr. Campbell, for any questions. V/e want to see if we've cov- 
ered the range — 

In the past, post-doctoral fellows were able to exclude some $300 
a month of their stipend for a period of years, and that exclusion 
as well, has been eliminated, is that correct? 

Dr. LaPxdus. Correct. 

Mr. Walgren. Do you think that that has had a significant 
impact on things? What would that be, $300 a month, 14 percent of 
$300 is something like $42, or around in there, $42 a month? How 
much of this discouragement, translated into a lack of interest, do 
vou feel is related to this kind of a tax uniformity current that has 
been flowing in the Government, compared to these larger factors 
of $100,000 in these years on the plate that would not be on the 
plate, the lack of the kind of pickup that graduate students antici- 
pated, I gather, in the 1960s that they may not feel is there at least 
over and above their present pickup when they graduate from the 
academic programs? How would you \ jight these two elements? 

Dr. LaPidus. I don't think anyone knows the answer to that, Mr. 
Walgren. The change in the tax code is recen^., as you know, and 
we've had hundreds of calls from students all over the country who 
are very concerned about it. WTiat the long range impact of that 
will be I think is difficult to predict. In one way, it's not a lot of 
money. 
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The concern that we have is that it seems that there is a set of 
circumstances that are all coming together at the same time, that 
in ittii totality is discouraging to people who want to consider going 
in this direction. That seems to be happening at a time when we're 
very concerned about the decline of interest in this area. That's 
what we're womed about. 

So the changes in the tax law, the bite that they take out of the 
stii>end, is part of a bigger picture that all adds up to a student 
saying "I don't know if I want to do this. It doesn't look like a ter- 
rific idea, particularly where there are other attractive options 
available." 

If we don't get more students doing the kind of thing that we've 
been talking about, going on to graduate school, getting these de- 
grees, going into universities, going into industry, and so on, we are 
increasingly dependent on other parts of the world for our science 
and technology base and for our university education. 

Mr. Walgren. I see. I remember in the 1960s, I think it was in 
the 1960s, that people with Ph.D.s really found very little employ- 
ment. I don't know whether it was within specific disciplines, per- 
haps it was. But I remember stories about people with certain grad- 
uate degrees having to drive taxicabs. 

I guess I'm wondering how deeply felt that e>:perience was, 
whether that lingers in people's minds, that they feel that there 
are these cyclical impacts on a given area, and perhaps feel that 
they don't want to be caught in that. 

Dr. LiEBMAN. It certainly lingers in the areas of the humanities. 
I don't think it was ever true in science and engineering, but that 
feeling does linger in the humanities. There is a lot of concern on 
the part of current humanities faculty members. They don't want 
to bring more graduate students than their own markel can take. 

Mr. Walgren. And that's more a function of the size of the stu- 
dent body, because they can only look to teaching positions, by and 
large, as being able to uniquely use that level of training. 

The gentlewoman from Maryland, Mrs. Morella, do you ha/e ary 
questions? 

Mrs. Morella. Thank you, Mr. Chairman. 

I'm very interested in reading your testimonies, in that I care 
very much about higher education and making it available to our 
students, but I have no questions. 

Mr. Walgren. Well, thank you very much on behalf of the Com- 
mittee. We appreciate your participating in our process and we 
look forward to your being a resource to us in the future. Thanks 
very much. 

The Chair will call the second panel, consisting of Jerry Caulder, 
the President of Mycogen Corporation of San Diego, California, 
John Swihart, President of the National Center for Advanced Tech- 
nologies, and William Poulos, who is involved in Government Af- 
fairs for Apple Computer. 

Welcome, gentlemen. As you kn( v, your written statements will 
be reproduced in the record, and you can feel free to underscore 
portions of it or emphasize points in any way that you feel would 
communicate best to the transcript and to us. So let's go through 
the panel in the order in which I introduced you to the record. 
Let's start with Dr. Caulder. 
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STATEMENT OF JERRY D. CAULDER, PRESIDENT AND CEO, 
MYCOGEN CORPORATION, SAN DIEGO, CALIFORNIA 

Dr. Caulder. Thank you very much, Mr. Chairman, for allowing 
me to speak today. Tm Jerry Caulder, President and CEO of Myco- 
gen Corporation. 

The ability of the United States to remain competitive is directly 
related to our ability to remain the and not a leader in science and 
technology. 

The United States has become the science and technology colony 
for the world. In the past few hundred years the colonial system 
worked very well, the mother country would colonize areas in the 
world in order to have access to raw materials. These raw materi- 
als would be brought home, converted to consumer goods and then 
resold to the colonies with the value added and the profits being 
retained by the mother country. 

The raw materials of the past were natural resources, iron, baux- 
ite, oil and forestry products, things of this sort. The raw materials 
of today and the future are science and technology. 

I don't need to report the grim statistics that we have exported 
ten times more technology than we have imported over the last few 
years. I don't need to repeat that foreign countries now apply for 
and receive raore U.S. patents than United States scientists. 

At issue is the notion that those who control the patents are in 
the best position to exploit tLa technology. A more compelling ar- 
gument, however, is that those who have access to the initial re- 
search and development will have the inside track to these patents. 
Therefore, the fact that we are losing the patent race is just a 
quantification of the fact that we started losing the R&D race a few 
years ago. 

We have become a nation of scientific illiterates. Most people do 
not understand the difference between science and technology. Sci- 
ence is th^ pursuit of new knowledge. Technology is the conversion 
of this ni.v/ knowledge into useful products or services. 

We have had the best system in the vvorld and the best system 
that the world has ever known for the efficient interaction of sci- 
ence and technology. The Government and universities performed 
the basic scientific research, this was supported by taxpayers dol- 
lars. These new discoveries were then available for all companies 
and industries to convert these technologies and create whole new 
industries like electronics and biotechnology. Capricious tax laws 
and funding policies of this R&D have dismantled that system. 

Obviously, this is an extremely complex subject and I could 
speak all day about how we fund R&D, but today I would limit my 
remarks to just three areas of the tax law that need to be changed 
immediately, in fact, made retroactive, in order to i,.,^rse this 
trend, and assure that the fruits of R&D efforts make the United 
States as competitive as we can be in the future. 
^ More jobs are created each year by b.aall companies than all the 
Fortune 500 companies combined. More new technologies and prod- 
ucts are incubated and brought to the consumers through small 
start-up companies than through large companies. The new tax 
laws are punitive and inhibitory to the start-up of small high-tech 
companies. 
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Let me highlight just three. 

First, the R&D tax credit should be restored and made perma- 
nent. We need to be able to plan, rather than guess, what our fi- 
nancial commitments will be when investing in long-term, high- 
risk research endeavors. 

Second, the alternative minimum tax is a very punitive tax for a 
small company. We need to attract the very best minds that we 
can, and we cannot compete with the DuPonts, Exxons and the 
Monsantos on a cash basis. This makes us do that. 

The people that I recruited at Mycogen all took severe pay cuts 
in exchange for incentive stock options, in the hope that through 
hard work and dedication, we could make the company successful 
and therefore increase the equity value of these stocks, recouping 
their losses. The alternative minimum tax killed that incentive. 

Third, the repeal of the capital gains tax puts a small company 
into head to head competition for talent with the large companies 
on a strictly cash basis. All we do now is delay their income. We 
are going to lo^e that battle because small companies are always 
very short of cash. 

You have just heard previous testimonies that the number of 
Ph.D.8 in science and technology is going to be diminishing. This 
will put us at a further disadvantage when we try to compete for 
the fewer and fewer numbers of people that we are graduating. 

Let me get in a small commercial plug for the high- tech compa^ 
ny I work for, Mycogen. Our mission is very simple. We are using 
biotechnology or gene splicing to develop a whole new family of 
products that can replace chemical pesticides. Our products are all 
naturally occurring and completely biodegradable. They don't build 
up in groundwater and they do not contaminate food and exist as 
residues when we consume that food. 

We are on a mission to change an i idustry. 1 need the very best 
talent that the U.S. has to offer. We've been hearing over and over 
that we need incentives for people to do things. 

My father is an 82-year old cotton farmer. He still farms every 
day. He used to tell me, "Son, those things that get rewarded get 
repeated." Let's make sure that we get the right things rewarded, 
so that we get the right things repeated. 

I spend a lot of my time trying to create value through doing 
deals. The Japanese are making products. We need to change what 
we reward in this country. 

Thank you very much. 

[The prepared statement of Dr. Caulder follows:] 
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TESTIMONY BEFORE THE 
U.S. HOUSE OF REPRESENTATIVES 
SUBCOMMITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY 
PRESENTED BY JERRY D. CAULDER, PH,D., PRESIDENT AND CEO 
JIYCOGEN CORPORATION, SAN DIEGO, CALIFORNIA 
MAY 18, 1989 



The abiKcy of the United Stntes to remain competitive is dir wly 
r lated to our ability to remain SihSi not a leader in Scifai.^e and 
Technology . 

The United Scutes has become the science and technology colony for 
the world I In the past few hundred years the colonial system 
wor!.ed very well - the mother country would colonize world areas 
in order to have access to raw materials. These raw mat'^rials 
would be brought heme - converted to consumer products and then 
sold to the colouies - the value added and profits being retained 
by the mother country. 
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The raw naterinl<j of the past were iron, bauxite, oil and forestry 
products the raw naf^rials of today and the future are science 
and technology* 

I don»t need to report tha gria statistics that we have exported 
10 tines aore technology than we have imported over the last few 
years. I don't need to repeat that foreign countries now apply for 
and receive more Unitoa States pateuts than United States 
scientists. 

At issue is the notion that those who control the patents are in 
the beat position to exploit the technology. A more compelling 
argiu&cnt, however, can be made that those who have access to 
initial R&D will have the inside tract to the patents. Therefore, 
the fact 1 .at we are losing the patent race is just a 
quantification cf the fact that we started losing the R&D race a 
few years ago. 

We have 'become a nation of scientific illiterates. Host people do 
not understand the difference between science and technology. 
Science is the pursuit of new knowledge, technology is the 
conversion of this new knowledge into useful products or services. 
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We had the best system the world has over known for the most 
efficient interaction of science and technology. The government 
and luiiversities performed the basic scientific research, supported 
by the tax payers' dollars, and these new 3coveries were 
available for all industries tc convert to technology and create 
vhole new industries like electronics and biotechnology. 
Capricious tax laws and funding policies have dismantled that 
system. 

Obviously this is an extremely complex subject and I could speak 
all day about how we fund RtD, but roday I will limit my remarks 
to just three areas of the tax larf that need to be changed 
immediately, in fact made retroactive, in order to reverse this 
trend, and assure th:»t the fruits of R&D efforts make the United 
States as comp^stitive as we can be in the future. 

More new jobs are created each year by small companies than the 
Fortune 500 companies combined. More new technologies anu products 
are incubated and brought to the consumer through small start-up 
companies than larg. companies. The new tax laws are punitive and 
inhibitory to the start-up of small high-tech companies. 

Let me highlight juvit three. 
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First - the R&D tax credit, it should be restored and nade 
persiement, need to be ohlQ to plan rather than guess what our 
financial coiaiaitaents will be when investing in long term high risk 
endeavors . 

Second - the alternative ainijniiia tax, this is a very punitive tax 
for a small company. Wn need to attract the very best minds that 
we can, and we cannot compete with the DuPonts, the Exxons and the 
Morjsntos on a cash basis. 

The people that I have recruited at Kycogen all took severe pay 
cuts in exchange for incentive ^tock options, and the hope that 
through hard work and dedication we could make the company 
successful and therefore, increase the equity value of their stock 
options. The alternative minimum tax killed that incentive. 

Third the repeal of the capital gains tax puts a small company 
into head to head competition for talent with the large companies 
on a cash basis - we are going to lose that battle because we are 
always short of cash. 



ERLC 



86' 



83 



Page 5 



Lat me get in a small commeircial plug for the tjmall high-tech 
company I work for - Kycogen. Our mission is very simple, we are 
using biotechnology or gene splicing to develop a whole new family 
of products that can replace chemical pesticides. Our products are 
all naturally occurring and are completely biodegradable - they 
don't build up in groundwater and they do not contaminate the food 
we eat with pesticide residues. 

We are on a mission to change an industry, I need rhe best talent 
the United States has to offer. My father is an 82 year old cotton 
farmer, ho used to tell s.e '*son those things that get rewarded get 
repeated.** Let us make sure«^e get the right things rewarded, so 
the right: things get repeated. 

We spend a lot of time dcing deals with investment bankerr while 
the Japanese are making products. 

Thank you for allowing me to speak before you today. 
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Mr. Walgren. Thank you, Dr. Caulder. 
We'll turn to Mr. Swihart. 

STATEMENT OF JOHN SWIHART. PRESIDENT, NATIONAL CENTER 
FOR ADVANCED TECHNOLOGIES, WASHINGTON, D.C. 

Mr. Swihart. Thank you very much, Mr. Chairman. My name is 
John Swihart, I'm the President of the National Center for Ad- 
vanced Technologies. It's a non-profit foundation formed by the 
Aerospace Industries Association of America, the AIA. Prior to my 
association with NCAT, as the Center is referred to, I retired as a 
Corporate Vice President of the Boeing Company with over 26 
years of service. Before that, I worked for NASA for 13 years. Both 
there and at Boeing, I was very involved with the evolution of aero- 
space technology. 

The severity of the foreign challenge to the U.S. aerospace indus- 
try makes our position very clear. We must improve our ability to 
compete in the world market. My recommendation is to focus on 
the enhancement of U.S. technology development. We have the 
technological tools, the facilities, the managerial expertise, and the 
technology base. What we're desperately in need of is a new ap- 
proach. 

Compared to what we could be accomplishing, our current tech- 
nology development process is a fragmented, often duplicative, 
lengthy and risky approach to product development. Our foreign 
competitors have turned their technological development efforts 
into national goals, and the positive results are quite impressive. 

Toyota, for example, goes from their preliminary designs to fin- 
ished cards in only 36 months. Our best effort here in the United 
Stp 'es, from the Ford Company, goes from drawing board to corn- 
iced product in 60 months. We of the aerospace industry have 
>een concerned about the inadequacies of our technological devel- 
opment for some time, and decided that something had to improve 
before it was too late. 

The AIA has sponsored a program known as the Key Technol- 
ogies of the i990s. It involves the focusing of developmental effort 
on a number of key technologies selected on the basis of highest 
leverage, greatest potential payoff, and broadest applicability to 
both civil and military products. 

Under the AIA program, the industrv, the research universities, 
and the Government laboratories function as a coordinated team, 
each contributing to the generic itechnolor^y bank from basic re- 
search through the technology development phase. This team ap- 
proach will help ensure technology readinec«s, thereby avoiding 
costly duplication and excessive risk. 

Once a technology reaches a reasonable risk state of maturity, 
the industry participants will then individually pursue their own 
product development efforts in a competitive environment. 

Let me emphasize that the Key Technologies Program is not just 
a proposal, but an active program on which the AIA has been 
working for the past three years. For the record, I have included 
materit'l describing some of the individual key technologies and an 
overview brochure describing the program. 
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At the moment, our principal task ? i the reconstitution of the 
Government portion of the aerospace te<:hnology forum. This group 
consists of the top level industry, Government, academia policy- 
making personnel that provide overall direction for the program. 

A list of participants in the original forum has been included for 
the record. We must now contact the Bush Administration people 
to rebuild the Government portion of the forum. 

As always, research and development programs require consider- 
able industry investment. Government sponsored incentives would 
encourage investment, and confirm Federal acceptance of this na- 
tional technology development effort. 

At this point, I would stress that I am speaking for the entire 
aerospace industry and the following incentives include those that 
apply to both Government and commercial contractors. 

To b^n with, tax credits for R^D should be expanded. The> 
should be made permanent. Currently, they benefit only companies 
that increase their research and development investment. They 
should also be made available to support companies that invest at 
consistent levels, as well as to new and small businesses, as we just 
heard. Some special tax credit to incentivize cooperative efforts be- 
tween industry and the academic community would al&o be very 
supportive. The stable funding of Government programs is another 
major requirement for industry t(^chnoiogy developments. AIA sup- 
ports biennial budgeting and expanded multi-year procurement. 

Simplification of the Federal acquisition system is alsc very 
much needed. Over the past two years, DOD has successfully insti- 
tuted a number of streamlining measures, but more remain to be 
made. AiA estimates that a greatly simplified, more consistent pro- 
curement process could reduce the time it takes to develop, produce 
and field a major weapon system by up to 50 percent. 

Additionally, DOD should develop a firm and consistent policy 
that clarifies technical data rights and protects industry's proprie- 
tary rights to intellectual property. 

Independent Research and Development, or IR&D, is a normal 
cost of doing business. The Government should recognize this, and 
industry' should be able to allocate to th^^ Government its full share 
of actual IR&D and bid and proposal cosus without the ceiling limi- 
tations. 

We believe there is also a need to provide for adequate key tech- 
nology validation demonstrations. The Government should provide 
the framework to see that the most critical validation demonstra- 
tions are performed well before major development programs are 
started. 

Last, but certainly not least, is the need to build a better science 
education infrastructure through incentives for teaching at all edu- 
cation levels, from college \o secondary to elementary level pro- 
grams. Science and maihen atics are particularly important, but 
good communicatiOiis skills are also needed. 

To summarize, th>se of up in the aerospace industry, the Govern- 
n^ent, and che universities, who have helped to initiate the Key 
Technologies effort, Lclieve that significant improvements can be 
realiz 1 before the turn of the century, improvements that will 
enable truly fantastic developments in the long term, and enhance 
the U.S. position in the international marketplace. 
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To attain these results, we believe that the necessary ingredients 
are: significant goals, that is, double the productivity of the avail- 
able resources and halve the time from idea to use; industry play- 
ing a key role in a cooperative partnership with Government and 
academia; focus on the key technologies providir or the highest eco- 
nomic leverage; and a positive policy environment U) encourage the 
success of a new U.S. technology development process. 

I want to thank you, Mr. Chairman, for giving me the oppoituni- 
ty to tell you that we sincerely want to work with this Administra- 
tion and the Congress. If we approach U.S. industry competitive- 
ness as a team, we feel our position in the international market- 
place can be remarkably improved. 

This concludes my presentation. 

[The prepared statement of Mr. Swihart follows:] 
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HP. CHAIRMAN AND MEMBERS OF THE SUBCOMMITTEE: 

My name is John Swihari. I am ihe President of ^he national 

CENTER fOR ADVANCED TECHNOIOG.ES (NCAT), A NON" PROFIT FOUNDATION 
FORMED BY THE AEROSPACE INDUSTRIES ASSOCIATION OF AMERICA (AiA). 

Prior to may association with ncat, I retired as a Corporate Vice 

PRESIDENT OF THE BOEING COMPANY WITH OVER 25 Y^.ARS OF SERVICE. 

Before that I worked at NASA ^or 13 years and both there and at 
Boeing I was veky involved with the evolution of aerospace 
technology. 

AIA REPRESENTS 50 OF THE NATION'S MAJOR MANUFACTURERS OF 
COMMERCIAL, MILITARY AND BUSINESS AIRCRAFI, HELICOPTERS, AIRCRAFI 
ENGINES, MISSILES, SPACECRAFTS, AND RELATLD COMPONENTS AND EQUIPMENT. 

WL IN THE AEROSPACE INDUSTRY ARE DEEPLY CONCERNED ABOUT 
AMERICAN INDUSTRIAL COMPEIIT IVENESS IN GENERAL ANU THE FUTURE 
COMPETITIVENESS OF OUR OWN INDUSTRY IN PARTICULAR. 

The U.S. IS LOSINO LOMPEIITIVE momentum ACROSS A BROAD SPECTRUM 

of indusirial actlvilies. the japanese and other industrialized 
nations are beating us to death in many areas of trade. in some 
markeisf the u.s. has been virtually eliminated. 

Even in high technology products, an area traditionally 

dominated by the u. s., our radl balance on occasion dips into the 

red. in aerospall, thl lasl bastion of american trade superiority, 

even thouoh we are reporting larol positive trade balancfs, bui we 
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ARt GRADUAUIY LOSING GROUND. THt SI-VERilY Of iHf. fORCIGN 
COMPLllflVt CHALIENCjL makes our position CldAR. UNLESS IMMEDIATE 

ariention is taken* we will continue to lose ground and this could 
have a sf.rious impact as international partnerships continue to be 
established. 

how did this situation come about? 

There have been a greai many conjribui *ng factors, but in my 
opinion the dominani one relaies 10 our technology development 

AITITUDt. IN THE WAKE 01- WOkLD WAR II, THE REBUILDING NATIONS OF 

Europe and Japan learned a lesson from America - that there is a 
direcf correlafion beiween a nauon's technological prowess ar^o its 
prosplrhy. each of the major industrialized nations mounted an 

INTENSIVE PROGRAM OF R&D TO UPGRADE ITS TECHNICAL COMPETENCE. ThE' 
have continued iHESt PROGRAMS UNRELENTINGLY EVER biNCE AND THEY HAVE 
SCORED IMPRESSIVE SL'^CESSES. 

The U.S. DIJ NOT BY ANY MEANS ABANDON ITS TECHNOLOGY 
DEVELOPMENI. THERE WAS, HOWEVER* A FAILURE 10 RESPOND TO THE 
CHALLENGE AS VIGOROUSLY AS IriE SITUATION WARRANTED. AS EVIDENCE, 
DURING THE LASI DECADE OR MORE, WE HAVE BEEN DRAWING HEAVILY ON THE 
U.S. (ECHnOLOGY base, a base ESTABLISHED MAINLY DURING THE '50S ANP 
'60s. UNFORIUNATELY over the PASl TWENTY YEARS, WE HAVE NOT 
SIONUICANILY UPGRADED OUR TECHNOLOGY EFFORT. IN MANY AREAS. WE ARE 
SI ILL RELYING ON THE ADOPIION OF OUTMODED TECHNOLOGIES TO PRODUCE 
COMPEIIIIVE PRODUCIS. 
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My RECOMMENDAl iON FOR A MllHOD Of RF.Vil ALiZiNG IHt U. S. 
COMPEiniVt POSiliDN iS 10 FOCUS ON IHt F,NHANCtMLN1 OF IHt U.S. 
UCHNOLOGY OEVtLOPMENl . WE WILL STILL TAKE WHAT BENLMIS WE CAN GET 
fRDM 1RADE LEGiSLAliON. NEGOHAliONS WUH OUR 1RADING PARINERS AND 
IHE 1RADL ADVANTAGES' fROM M0NE1ARY EXCHANGE RA1ES. BU1 IHESE LA11ER 
MEASURES ARE AIDS, NO! SOLUTIONS. IN THIS ERA OF INTERNA! lONAtlSM, 
PARTNERSHIPS ARE FORMED BEIWLEN IHOSE WHO HAVE THE MOST TO OFFER. 
AT PRESENT, FOR EXAMPi.E, BOTH JAPAN AND THE UNIIED STATES STAND 10 
GAIN THROUGH LOOPERAIIVE VENTURES. BY 1992, WHEN THE EUROPEAN 
COM«UNUY FORESEES ITSELF rt$ HAVING A STRONG AND HIGHLY COMPEIITIVE 
lECHNOLOGlLAL CAPABU.IIY, IT MAY BENEFIl A COUNTRY LIKE JAPAN TO 
SEEK BUSINESS PARjNERSHlPS IN EUROPE RATHER THAN THE U.S. 

I BELIEVE iHE CORE OF OUR U.S. SOLUT IDN IS A BOLD NATIONAL' 
PROGRAM OF TECHNOLOGY DEVELOPMENT AIMED AT BRINGING TO THE 
INTERNA! lONAL MARKETPLACE A LINE OF U.S. PRODUCES OF SUCH UNDISPUTED 
EXCEILENCE IHAl THEY WILL DOMINATE THE MARKElPLACt. TM TALKING 
ABOUT PRODUCIS ACROSS A BROAD SPECTRUM, NOT EXCLUSIVELY AEROSPACE. 
WE MUSI DEAL WI IH HIGH TECHNOLOGY PRODUCTS WHOSE HIGHER VALUES MAKE 
THEM ESPECIALLY IMPORTANT IN THE WORLD TRADE EOUAflON. 

WE HAVE IHE TECHNOLOGICAL TOOLS TO MAKE THIS POSSIBLE: THE 
FACILITIES, THE MANAGERIAL EXPERTISE AND THE TECHNOLOGY BASE. WHAT 
WE NEED NOW IS A NEW APPROACH TO R&D. WE HAVF ^0 SPEED UP THE 
PROCESS. 

LET ME CLARl^Y THAI STAIEMENl. ThE TECHNOLOGY DEVELOPMENT 
CYCLE IS A LENGTHY AND RISKY PROCESS. FROM THE I IML A POTENTIALLY 

■3- 
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PROMiSiNG UCHNOLOGY iS CREAUl) IN SOHL UNiVtRSilY LAB, UNIiL IHE 
liME il APPEARS ON A COMMERCIAL PRODUCJ, MANY YEARS CAN PASS. 
CONSIDER THE COMMON CATHODE RAY lUBE OF OUR TELEVISION SETS. IT WAS 
DEVELOPED LONO BEFORE WORLD WAR II BUT DID NOT BECOME WIDELY USED IN 
COMMERCIAL AlKPLANE COCKPIT DISPLAYS UNTIL THE PAST HALF DOZEN YEARS. 

TECHNOLOGY APPLICATION IS THE FINAL LINK IN A LONG CHAIN OF 
UEVELOPMEN.aL activities. As I MENTIONED, THE BASIC RESEARCH BEGINS 
IN A LAB SOMEWHERE. FROM THERE THE TECHNOLOGY MOVES INTO APPLIED 
RESEARCH WHERE ITS POTENTIAL IS MORE CLOSELY EXAMINED. NEXT, THE 
TECHNOLOGY MUSI BE VALIDATED. IN THIS SIEP, THE PROOF Of CONCEPT IS 
ESTABLISHED. FOLLOWING THAT, THE TECHNOLOGY MUSI BE DEMONSTRATED TO 
PROVE ITS P01ENTIAL. I? MLL GOES WELL, THE TECHNOLOGY IS F INALL\ 
READY FOR FULL SCALE APPLICATION DEVELOPMENl . 

FOR THOSE OF YOU WHO MAY NOT HAVE A FEELING FOR HOW LONG THIS 
WHOLE PROCEDURE TAKES, LET ME GIVE YOU A TYPICAL EXAMPLE. 
HISTOr CALL IN THE APPLICATION OF NEW TECHNOLOGY 10 COMMERCIAL 
AIRPLANES, SOME TEN TO IWELVE YEARS ELAPSE JUST BETWEEN THE TIME 
BASIC RESEARCH IS COMPIEIE AND THE I IME THE TECHNOLOGY IS READY TO 
UNDERGO APPLICATION DEVELOPMENT. I SHOULD ADD THAT STILL MORE TIME 
HAS 10 PASS BEFORE THE TECHNOLOGY IS ACIUALLY READY TO TrtKE ITS 
PLACE ON THE PRODUCTION LINE. COMPARED TO WHAT WE COULD BE 
ACCOMPLISHING,, OUR CURRENT TECHNOLOGY DEVELOPMENT PROCESS IS A 
FRAGMENTED, OFTEN DUPLICATIVE AND LENGTHY APPROACH TO PRODUCT 
DEVELOPMENT . 

I HAVE TAKEN TIME 10 MENTION IHE DEIAILS CF THE TECHNOLOGY 
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DEVELOPMf.Nl PROCESS BECAUSE i WANl 10 MAKE THE POINI IHAl IHiS 
PROCLbS REPRISENIS BOTH OUR IRADiliONAL AND CURRLNl APPROACH 10 THE 
RLALl/AliON OF ECONOMIC BLNEf 11 1HR0UGH NEW lECHNlCAL DiSCCVER I ES . 
I ALSO WANl 10 MAKE 1 HE POiNI 1 HA1 AL1H0UGH MANY Of OUR FOREIGN 
COMHLIilORS GO 1HR0UGH EbSENIiALLY 1 HE SAME SUPS, 1HEY HAVE BEEN 
FAR MORE SUCCESSFUL 1HAN WE HAVE IN REDUCING IHE OVERALL DEVELOPMENT 

HME. They fiade ihe effori a naiional goal and ihe posiiive results 

ARE OUIIL EVI0EN1. TOYOIA, FOR EXAMPLE, GOES FROM 1HEIR PRELIMINARY 
NEW MODEL DESIGNS 70 FINISHED CARS IN ONLY 36 M0N1HS. OUR BES1 
IF ^ OR I HERE IN IHE U.S. COMES FROM IHE f ORD COMPANY; 1HEY 1AKE 60 
MONTHS FROM DRAWING BOARD 10 COMPLEILD PRODUCI . ThE U.S. SI ILL 

ranks m ihe 10p when ii comeb 10 creahviiy, bui we 1 ake 100 long 
10 gcl to ihe markei wiih our producis. 

we of ihe aerospace i.'idusiry have been concerned ab0u1 ihe 
lnadfouac!es of our r&d process for some 1 ime and decided 1 ha1 
someihing had 10 improve before ii was 100 laie. 

aerospace indusiries assoliahon has sponsored ihe development 
of a new approach, ihe key technologies for the i990s program. il 
seeks ro make ihe expensive process of 1echn0l0gy development more 
affordable by laklnb advaniage of ihe efficiencies inherent in a 
naiional cooperalive program. 

This program involves focused developmeniaw effori on a number 

OF KEY IE HNOLOGIES SELECIED ON IHE BASIS OF HIGHESI LEVERAGE, 
GREA1ES P01EN1IAL PAYUFf AND BROADESI APPLICABI L 1 1 Y TO BOTH CIVIL 
AND MiLllARY PRODUCIS. EACH KEY 1ECHN0LOGY MUSI BE AFIORDED 
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PRiORllY AND MUS) BE DEVELOPED ON AN ACCF.I.ERAUD BASIS AS A NATIONA L 
iNillAliVE OF INDUSIKY, GOVERNMENT AND ACADEMiA. EACH CONIRiBUliNG 
ilS SPECIAL CAPABlLiUES IN A ClOSELY COORDINAUD 1 LAM EFFORT. 

By bringing THtSE TECHNOLOGIES TO MATURITY ON AN ACCELERATFO 
SCHEDULE AND APPLYING THEM TO ADVANCED PRODUCTS AHEAD OF OUR 
COMPEIIIORS, THE U.S. WOULD GAIN ENORMOUS BENEFIT NOl ONLY IN TRADE 
LOMPETIl IVENESS BUT IN NATIONAL SECURITY CAPABILITY. AND BECAUSE OF 
THE BROAD APPL ILABIL 1 1 Y OF THE TECHNOLOGIES SELcCiED, THE BENEFITS 
WOULD EXTEND BEYOND THE AEKOSPALE/DEI ENSE INDUSTRY TO MANY AMERICAN 

iNOusiRiES. These technologies are all dual use technologies that 
are apptllable to bolh goveknmeni and commercial products. 

Under ihis plan, the technology development and integration 
process will be substantially diherent than ^he traditional 
processes i described. 

Under the AIA pf<oposAL, the industry, research universities and 
government laboratories would funlt ion as a coordinated team, each 
coniribumng to the generic technology bank from basic resea.km 
rhrougil the telhnology development phase - thus avoioing costly 
duplicaiion and reoulino risk before any attempt is made to apply 

THE TECHNOLOGY TO A PRODUCT. ThIS PRE" COMPET IT I VE COOPERATION WOULD 
AVOID UNWARRAJtffEO DUPLlCAflON OF EFFORT AND PROVIDE A BROADER 

lechnologv ua'ie in key areas of work. 

When a technology reaches a "reasonable imsk" state of 
maiurdy, indusjry karuclpants will individually pursue their ow.n 

■6 
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PRODUCI DEVtLOPME.NI E-FFORIS IN A COMPtllMVC ENVlKONMLNl. 

AIA BF.LltVtS IHAI iHt NAllONAL UCHNOt.OGY DEVtLUPMtNl APPROACH 
LOULD tFFELl A TWO 10 ONt iNCRtASL IN IHL FRODUCllVilY OF AVAILABLE 
RESOURCES AND CUT IN HALf IHL 1 iME 11 TAKES 10 DEVf.LOP AND FIEID 
TECHNOLOGY. MOSl IMPORTANTLY, iHiS PROGRAM AIMS TO MAKE AVAILABLE 

BEFORE IHL TURN OF THE CENTURY - THE TECHNOLOGICAL TOOLS 
AMERICAN INDUSIRY NEEDS TO COMPETE MORE EHEC/IVELY. 

LEI ME EMPHASUE THAT KEY TECHNOLOGIES IS NOT JUST A PROPOSAL 
BUT AN ALilVE PROGRAM UN WHICH AIA HAS BEEN WORKING (OR THE PAST 
THREE YEARS. I HAVE INCLUDED MAIERIAL LuoCRlBiNG SU^IE INDIVIDUAL 
IFXHNOLUGlLb AND AN OVERVIEW BROCHURE ON THE KEY TECHNOLOGIES 
PROGRAM. 

In January, AIA roOK another major step toward realizing a 

NATIONAL TECHNOLOGY DEVELOPMENT SlRATEGY WITH THE ESTABLISHMENT OF 
THE INDUSIRY SPONSORED NAIiONAL CENIER FOR ADVANCED UCHNOLOGIF.S 
(NCAT). NCAl IS REAL EVIDENCE 0\ THE AEROSPACE INDUSIRY'S 
RECOGNITION OF THE IMPORTANCE OF IHE TECHNOLOGY DEVELOPMENT PROCESS 
AND US COMMUMLNI TO ADVANCING IHE PROCESS. 

NCAT HAS TWO MAJOR RESPONSIBILITIES:- IT WILL HANDLE THE 
DAY 10 DAY COORDINATION .r THE KEY TECHNOLOGIES PROGRAM, AND IT WILL 
SERVE AS A DAfA REPOSITORY FOR PROGRAM DEC IS ION- MAK ING . ITS INITIAL 
ASSIGNMENT IS TO PULL TOGElHER EVERYlHiNG THAI IS BEING DONE IN THE 
KEY TECHNOLOGY AREAS, LREAIING AN UP T 0 I HE" Ml NUT E , SPECIALUED DATA 
BASE OF GREAT VALUE 10 THOSE COMPANIES AND GOVERNMENT AGENCIES 
PARIILlPArlNG IN THE PROGRAM. 

'7 
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WE ARt DtVELUPINO ROADMAPS FOR tACH Of ^\^^ KEY TtCHNOLOGUS. 
WL HAVL already COMPLtltD fOUR 01 iHtH AND FOUR MORL ARL IN 
COORDINAI ION. 

In coming MONIHS, IHt principal key TECHNOLOGIES TASK IS 
RECONSinUi ION OF IHE AEROSPACE TECHNOLOGY POLICY FORUM. ThE GROUP 
CONSISIS Of THE lOP LEVEL INDUSTRY GOVERNMENT ACADEMI A POLICY MAKING 
PERSONNEL THAI WILL PROVIDE OVERALL DIRECTION OF THE PROGRAM. LAST 
YEAR WE WERE ABLE 10 ENLIST THE SUPPORT OF UPPER LEVEL REAGAN 
ADMINISIRAT ION OfflCIALS REPRESLiN 1 I NG THE MAJOR TECHNOLOGY 
DEVELOPING AGENCIES. WE REOUESI THAT THIS LIST BE INCLUDED IN THE 
RECORD. WE MUSI NOW REBUILD THE FORUM TO INCLUDE THEIR SUCCESSORS 

IN ^HE Bush adminisirat ion. Once that task is accomplished, and the 

REMAINING ROADMAPS COMr'LEUD, WE WILL BEGIN IN EARNEST THE 
IM^LEMENTA) ION OF IHE KEY TECHNOLOGIES PROGRAM. 

Our nexi s»eps involve preparaiion of national technology 

DEVELOPMENI PLANS f OR EACH Of THE KEY TECHNOLOGIES AND THE CREATION 
OF PLANS fOR IRLHNOLOGY VALIDAIION DEMONSTRATIONS TO ENSURE 
APPLICAIIONS Of THE lELHNOLOGY. 

WITH THIS PROGRAM, THE AEROSPACE INDUSTRY HAS TAKEN THE 
LEADERSHIP IN ADVANCING AMERICAN COMPET I FIVENESS. WE THINK OU: 
PROGRAM IS AN EXCELLENT MODEL FOR OTHER U.S. INDUSTRIES TO PURSUE. 
BUI IF THIS PROGRAM IS TO REALIZE ITS FULL POTENTIAL, INDUSTRY WIIL 
NEED SIRONb SUPPORT FROM THE CONGRESS AwD THE ADMINMSTRAT ION. 

As ALWAYS, R&D PROGRAMS REQUIRE CONSIDERABLE INDUSTRY 
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INVESIMENf. oOVERNMLN I SPONSORED INCENHVES 10 SUCH INVESTMENTS 
WOULD ENLOUKAGL Uil E^^0R1 AND CONFIRM FRDERAL ACCtPlANCL Of THIS 
NAIIONAL EFFORI. 

Al IHIS POINl. I WOULD STRESS 1HA1 I AM SPEAKING FOR THE 
AEROSPACE INDUSIRY AND IHE FOLLOWING DISCUSSION OF INCENTIVES 
INCLUDES THOSE IHAI APPLY TO BOIH GOVERNMEN I AND COMMERCIAL 
CONIRACTORS. 

TAX LREDIIS FOR R&D SHOULD BE f.XPANDr,0. 

0 iHL lAX CREDII SHOULD BE MADE PERI^ANENT IN ORDER TO PERMIT 
LONG TERM PLANNING. 

0 il SHOULD BE MADE AVAILABLE TO SUPPORT COMPANIES WHO 

INVESI AT CONSISIENT LEVELS. (IT CURRENTLY ONLY BENEFITS 
COMPANIES WHOSE R&D INVESIMF.NT INCREASES.) 

0 li SMOULO ALSO BE MADE AVAILAB' E TO NEW AND SMALL 
BUStNLSSLS. 

0 There should be a special tax credii to incentivi/'E 
coo'^erative efforts between inousfry and the academic 
communuy. 

a major requirement for industrial technology development is 
blable funding of g0vernmen1 programs. aia supports biennial 
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BUDG£liN(5 AND tXPANDtD MULIiYLAR PROCUREMENl . 

ANOIHLR major Nr.tD is SiMPLiFICAl tON Of iHt fEDCKAL ACOUiSiliON 
SYSILM. DOD HAS, OVLK I HE PAS I IWO YtAKb. iNSlIIUU.D A NUMBLR Qf 
SIRtAMLiNINb MEASURES, BUI A LOl REMAINS 1C BE DONE. AIA BELIEVES, 
AS DID 1HE PACKARD COMMISSION, THAT A GREATLY SIMPLIFIED. MORE 
C0NSIS1EN1 PR0LUREMEN1 PROCESS WOULD ENABLE US 10 CUT IN liAL*^ IHL 
IIME n lAKLS 10 DEVELOP. PRODUCE AND f lELD A MAJOR WEAPON SYSIEM; 
IHAI WOULD MEAN ENORMOUS SAVlNbS 10 IHE GOVERNMENT. 

ADDITIONALLY, DOD SHOULD DEVELOP A FIRM ANL' CONSISTENT POLICY 
THAI CLARIFIES TECHNICAL DATA RIGHTS AND PROltCTS INDUSTRY'S 
PROPRIETARY RIbHTS TO INTElLECTUAL PROPERTY. 

Oi PARliCULAR IMPORIANCE TO GOVEPNMENT LONTRACIOKS IS 
INDEPENDEN! RESEARCH AND DEVELOPMENT OR IR&D. IR&D IS 
COMPANY INIIIAIED R&D THAI EXPLORES ADVANCED CONCEPTS AND CREATES 
NtW PRODUClb AND PROLtbSEb THAT MAKE A COMPANY MORS COMPETUIVE. H 
IS A COMPANY'S INVESlMtNI IN IIS FUTURE, AND IS, IN AIA'S VIEW. THE 
VERY BEb! EXISTING MECHANISM FOR NEW TECHNOLOGY DEVELOPMENT LEADING 
TO SUPERIOR U.S. AEROSPACE PRODUCTS. ThE GOVERNMENT SHOULD 
RECOGNIZE THAT IR&D IS A NORhAL COST OF DOING BUSINESS AND INDUSTRY 
WOULD BE ABIE TO ALLOCATE TO THE GOVERNMENT ITS FULL SHARE OF ACTUAL 
IR&D/B&P COSTS WiTHOUl CEILING LIMITATIONS. 

iHE GREAIEST PRESSURE ON GOVERNMENT CONTRACTORS IS THE NEED 10 

ENSURE ADEQUATE PROFIT LEVELS 10 ALLOW FOR INDUSTRY LONG T EPM 

INVESIMENIS. ANY HibH lELH INDUSTRY WILL WITHER IF U CANNOT 

PROVIDE FOR LONG lERM R&D AND IHE ABILITY TO DEVKlOP NEW TECHNOLOGY 
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to RISK- ACCtPlABLE RtADINESS. THib WAS DISCUSSED IN CONSIDERABlt 
DtlAIL IN IHE INDUSIRY SPONSORED MAC GROUP S^UDY ENIIH.ED "ThE 

iMPACi ON Defense Indus trial Capabiimy of Changes in procuremkni 
AND Tax Policy/' which reviewed ihl EFfECis of procuremlni policy 

CHANGES FROM 1983- 1987. A COPY IS PROVIDED FOR IHL HLCORD. 

Wt BELIEVE IHERL IS ALSO A NEED 10 PROVIDE FOR ADEQUAl t KEY 
lECHNOLObY VALIDAMON DEMCNSTRA? IONS . ALL OF US, THOSE IN IHE 
AEROSPACE INDUSIKY, THE GOVERNMENl 1 ECHNOLOGY FOLKS, AND IHE 
UNtVtRSHY EXPERIb NKED H) AbREE ON WHAJ (HOSE VALIDATION 
DEMONS IRA I IONS ARE AND ALbU WHICH ARE 01 IHE MiGHEbl PRIORI! Y. 1hL 
bOVEKNM.ENI SHOULD PROVIDE IHE FRAMEWORK 70 SEE THAI IHE MOST 
CRIIICAL VALIDAIiON DEMONS f RAI 1 ONS ARE PEKfORMLD WELL BEFORE MAJOR 
DEVELOPMENI PROGRAMS ARE SIARIED. 

AND LASI, BUI CERIAINLY NO? LEAS?, IS THE NEED TO BUILD A 
BEIIER SCIENCE EDUCAMON INF RAS 1 RUCl URE THROUGH INCENTIVES FOR 
lEAChlNO AF ALL EDUCAMON LEVELS. ThERE IS A NEED TO DEVELOP 
PROGRAMS AI THE COl LEGE LEVEL FOR NEAR TERM BENEFIlb, BUT STUDENTS 
MUST BE PREPARED THROUGH BElitR ELEMENTARY AND SECONDARY EDUCATION 
PROGRAMS BEFORE IHEY GEi TO COLLEGE. ThE MAFH AND SCIENCE EDUCATION 
EFFORTS ARE OBVIOUS CHOICES FOR EMPHASIS, BUT COMMUNICATION SKILLS 
ANC JOREIGN LANGUAGE SKILLS ARE ALSO IMPORTANT. THIS PROBLEM IS 
PARTICULARLY ACUfC hOR THE AEROSPACE INDUSTRY WHICH IS ALREADY 
INFLRNAflONAL IN SCOPE. 

In summary ,^ NEED A NEW NAIiPNAL APPROACH TO SUCCESSFULLY 

•a- 
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COMPLIl N rOMORKOW'S WORLD. 



WL BtLltVt :hL KbSENflAL iNGPf-DItNlS ARLl' 



U 



SlbNIf ILANI 0:aLS 



l.L. , double: IHL PRODUCIlVllY 



Uf AVAlLABLL REbOURCLS AND HALVL IHL H^'-L FROM iDLA 



10 USL; 



INDUSIRY PLAYING A KLY ROLL iN A CUOPLKAUVt 



PARirJLRbHlP WIIH G0VLKNMLN1 AND ACADLMIA; 



U 



focus ON IMF. KLY 1 LLHNULOGI Lb PROVIDING HlGHLSl 



LLUNUMIL LLVLKAGL; AND 



A POblllVL PUI ICY LNViKUNMLNl lU LNCOURAGL IHL 



SULLLbb Uf A NLW U.S. ; t CHNULOGY DLVLLOPHLNI 



PkOLLbb. 



WL IHINK KLY UCHNOLOGlLb FOR IHL 1990S CAN PROOUCL IHL CHANGL3 
OUR NAUUN NLLDb lU MAKL IF WL ARf 10 RLMAiN COMPLllllVL. IN 
ADDillUN, WL FLLL 1 HL PROGRAM IS FAR '.NOUGH ALONG lU BL USLD AS A 
MODLL rOR U1HLK iNDUSIRUb. 

WL ARL LNCOURAGLD BY fHL INCRLASlNG NAMONAL INILRLSI IN 
UCHNOLObY DFVLLUPMLNl, PARTICULARLY IHL DlPARTMLNI OF COMMLHCL 
UCHNOLOGY ADMlNlblRAIlUN AND IHL RLCLNl COMMLNlb OF SLCRLIARY 
HUbt^ACHLR. WL wan I 1U WURK WIIH 1HLM. 1HL ADM IN I b T RA 1 1 ON . AND 
CUNbR.bb lU IMPRUVL UUR INDUbfRlAL CUMPL I 11 1 VLMbS IN UK 
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INftRNAIiONAL MARKtl PLACf. . 



IHAT CONCLUDES MY HRESENI Al iON. I WILL NOW RESPOND 10 ANY 
QUESUONS YOU MAY HAVK. 
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Mr. Hayes. Thank you. The Chair recognizes the gentleman from 
California, whom I believe wishes to make the next introduction 
for the panel. 

Mr. Campbell. I thank the Chair and I thank you for your cour- 
tesy. I will take just a moment to draw your attention to the testi- 
mony of Mr. Bill Poulos, which we are about to hear. Bill repre- 
sents the Apple Computer Corporation, which is headquartered in 
Cupertino, in the Silicon Valley. That of course, is very important 
to me. 

What may be important to the rest of you is that Apple is a 
unique success story in the United States. Three years ago it had 
5,000 3mployees, and a gross sale of $2 billion. Within three years 
it had doubled employment size to 10,000 and more than doubled 
gross sales to $5 billion. 

Perhaps most telling of all, because of our topic today in competi- 
tiveness, is that the productivity of Apple Computer, to the best of 
our unbiased California-oriented research, is number one in the 
United States. That is to say, Apple Computer has a per-employee 
productivity of $400,000. So I appreciate the Chair's courtesy and 
ask my colleagues to pay special attention to what this company's 
experience has to teach us. 

Thank you, Mr. Chairman. 

STATEMENT OF BILL N. POULOS, GOVERNMENT AFFAIRS 
OFFICE, APPLE COMPUTER. INC.. WASHINGTON. DC 

Mr. Poulos. Thank you. Congressman. Mr. Chairman, I will be 
speaking from an abbreviated three-page statement, although we 
have provided a longer, detailed statement for the record. 

The driving motivation behind Apple research and development 
is an unwillingness to be satisfied with our present level of achieve- 
ment. Two college drop-outs dreamed of a machine that would 
bring computing power into the homes and offices of the individ- 
ual. Out of this dream came Apple Computer, and the birth of the 
personal computer industry. 

It is important to state at the outset that we do not expect our 
Government to provide the industrial dreams and vision for the 
future. We do not expect our Government to provide the ideas for 
research and experimentation, but we do expect our Government 
to provide a national economic environment which fosters creativi- 
ty, vibrancy and vision. Our Government must provide the fertile 
conditions wherein new ideas and technological ingenuity can 
flourish and come to fruition. 

The current political and economic environment is fraught with 
problems which distract business leaders from their primary re- 
sponsibility. For example, while R&D is a long-term investment, 
the R&D tax credit has become a short- term policy which will 
have expired three times by December 1989. How can a company 
base long-term decisions on a Congressional policy which cannot be 
counted on from one year to the next? 

Because rapid changes in technology and business conditions 
demand high levels of attention from our management, we can 
scarcely afford to concentrate on this "she loves me, she loves me 
not" Congressional tax policy. 
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Stability must also be found in the administration of tax policy. 
Treasury is now attempting to define the rules for tax credit treat- 
ment eight years after the fact. 

In the absence of regulation, but in accordance with the plain 
intent of Congress, Apple Computer treated all wages subject to 
withholding as qualifying expenditures for the R&D credit if those 
employes were in fact involved in the R&D process. 

The IRS is now telling us that one form of taxable wages, that of 
employee stock options, is a special exception and cannot be used 
for R&D credit calculation. 

It was Apple's R&D team of creative technologists in this period 
that produced the easy to use graphics interface which the Mac- 
intosh is so famous for. It is the compensation of these R&D vision- 
aries that the IRS now refuses to recognize as qualifying for the 
R&D tax credit. 

Stock options are an important component of the compensation 
package for Apple's R&D employees. By providing this compensa- 
tion structure, we are asking our researchers to invest themselves 
in the future they are helping to create. We are offering them com- 
pany ownership. 

The IRS should not hinder such progressive compensation prac- 
tices by declaring them ineligible for the R&D credit. This is a 
short-sighted, destructive policy. 

We applaud this Subcommittee's effort to focus the nation's at- 
tention on these important R&D tax issues so critical to our future 
success. We need and want stability in the R&D tax policy, and in 
its implementation. We need and want a permanent R&D tax 
credit. 

But, Mr. Chairman, in addition to the fluctuating treatment of 
R&D in the tax code, current Government procurement policies ac- 
tually provide a powerful disincentive to companies like ours. In 
practice. Government procurement policies tend to ignore innova- 
tion, retard research, and disdain the introduction of new technol- 
ogies. 

It would seem logical that the Federal Government, which is 
striving to create a climate that fosters innovation, would want to 
embrace that innovation by buying and using it. In fact, just the 
opposite seems to be true in some agencies, especially in the case of 
small computers, such as those Apple makes. 

At the national level, the necessary policies for bujdng commer- 
cial, off-the-shelf products are in place. In actual practice, the field 
is not implementing this policy very rapidly. 

The Goyernmeut will continue to receive old technology as long 
as it continues to take several years to complete one grand design 
procurement action. Our industry is turning out new products 
every 12 to 18 months. 

Another Government practice that acts as a disincentive to re- 
search and development and to the introduction of new technology 
to the Government, is the pervasive procurement practice of design 
specification writing. 

Agencies tend to write design specifications that dictate the solu- 
tion to a problem or need. Apple has been the victim of this type of 
restrictive spec writing from time to time. We look forward to new 
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approaches that will ensure that every vendor is afforded a level 
playing field for Oifering its products to the Government. 

When the Government ignores innovation and continues to buy 
old technology, what kind of signal does that send to our nation's 
creative innovators, who are out there working to fulfill a dream 
for better government and a better world? 

For example, the United States Air Force is presently planning 
to buy over 200,000 desktop personal computers over the next four 
years, at a cost of what many agree will be over $1 billion. The 
winner of such a contract will likely lock in a 50 percent market 
share over the next four-year period for personal computers. 

The Air Force fielded a design specific procurement document 
that reveals a very significant bias toward one proprietary technol- 
ogy. The Competition in Contracting Act requires full, fair and 
open competition. The Air Force, in effect, picked the winners and 
losers of this procurement not be price, not by functionality, but by 
design specification writing. 

Functional specifications have been a requirement at the nation- 
al level for many years now. In actual practice, however, their use 
is rare and wonderful. Compatibility is not the issue here. Our 
Macintosh computers are designed to co-exist with virtually all 
computers found in the marketplace, but the Air Force procure- 
ment officials seemed to i eject any approach that does not meet 
their narrowly dftt'^ned view on these issues. 

Apple Computer is being asked to retiofit ourselves to old tech- 
nology as a prerequisite to serious consideration for Federal Gov- 
ernment contracts. The obvious inconsistency here is that procure- 
ment officials are asking us to take a step backward to do some- 
thing we are n *t designed to do or be, while policymakers are ap- 
plauding our aggressive research and development efforts and the 
innovative products that result. 

Clearly, this type of administrative policy does not fuel the entre- 
preneurial spirit of America's innovative firms to create solutions 
for our Government. A short summary of what we think needs to 
be done on this and the tax issues mentioned earher, are outlined 
on the last page of our written testimony statement. 

Thank you, Mr. Chairman. 

[The prepared statement of Mr. Poulos follows:] 
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Statement of B.N. Poulos 
Apple Computer, Inc. 
Presented to 

Subcommittee on Science, Research and Technology 
United States House of Representatives 
May 18, 1989 



Apple Compuicr, Inc. 
Government AfTairs OfTict 
1550 M. Street, N.W. Suite 1000 
Washington, D.C. 20005 
(202) 872^6260 
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WHAT WE EXPECT FROM OUR GOVERNMENT 
The United States has always been known for its inventiveness and 
ingenuity. Throughout history, we have been the engine for worldwide 
technological innovation and change. Our citizcrry is stocked full of 
restless riok takers and entrepreneurs with an unusual propensity to frade 
away the status quo in ib^ ho^z of fuiding a bett^^r way. 

The driving motivation behind research and development is an 
unwillingness to be satisfied with our present level of achievement. It is 
pt'fomied with a vision of optimism and hope for llie future. Two college 
dropouts were not satisfied with a computer environment that forced the 
mass of humanity to submit to the high priesthood of the almighty 
mainframe. They dreamed of a machine that would bring computing 
power out of the inner sanctum of the central data processing backroom 
and into the homes and ofHces of the individual. Out of this dream came 
Apple Computer, Inc. and the birth of the personal computer industry. 

It is important to state at the outset that we do NOT expect our government 
to provide the industrial dreams and vision for the future. We do NOT 
expect our government to provide the ideas for future research and 
experimentation. But we DO expect our government to provide a national 
economic environment which fosc^rs creativity, vibrancy and vision. Our 
government must provide the fertile conditions wherein new ideas and 
technological ingenuity can flourish and come to fniition. 

The current politiwd and economic environment is fraught with probicfua 
which distract business If^iers from their primary responsibility of 
providing industrial leadership and vision. For cxairple. our industry 
needs a stable tax policy. In an international environment of rapid 
technology change, economic cycles, and foreign currency fluctuation, we 
should not also have to hedge our Livcstment decisions againSi changes in 
the tax code. 



THE IMPORTANCE OF A PERMANENT R&D CREDIT 
But constant fluctuation has characterized the tax code in fhe 1980's. One 
example is the treatment of research and development. In 1981, Congress 
enacted the research and developracnt tax credit to stimulate the increase of 
R&D nationwide. The credit helps to encourage technological change. It 
helps offset the pressure often felt from financial markets for short-term 
quarterly profits. The beauty of the credit is that it also gives companies 
the freedom to increase funding in research projects which it deems most 
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appropriate. Apple is not interested in securing grants from the 
govcmmcm for conducting research in specific technologies which happen 
to be in style. To survive in the fiercely competitive and ever-changing 
high technology industry, we must continue to allocate research and 
development spending in those areas which strategical!- position our 
company for business growth in the coming decades. The R&D credit 
facilitates this business fiexibility. 

But while research and development is a long-tcnn investment, the credit 
has become increasingly a short-temi policy. The initial credit existed for 
four years and then lapsed. It was then reduced in value and expended for 
three years. Last year, the credit was extended for only one year, and its 
^alue was reduced still further. It is now set to expire in December 1989. 
The objective of the cre(^it-to make more money available for research 
and development-is admirable. But how can a company br^ long-tcm: 
investment decisions on a congressional policy which cannot be counted on 
from one year to the next? Because rapid changes in technology and 
business conditions demand high levels attention from our management, 
we can scarcely afford to concentrate on a "She loves me, she loves me 
not" congressional tax policy. A stable and reliable political and public 
policy environment is necessary to nurture an increasing amount of 
technological growth. 



IN ADMINISTERING THE R&D CREDIT, THE IRS-PROPOSED 
TREATMENT OF EMPLOYEE STOCK OPTIONS DOBS NOT 
REFLECT CONGRESSIONAL INTENT, 

Stability must also be found in the administration of tax policy. Treasury 
regulations for the research and development tax credit are only now being 
re-pioposed by the IRS seven years after the credit was enacted. In other 
words, the IRS is now attempting to define the rules for tax credit 
treatment eight years after the fact In the absence of regulations, but in 
accordance with with the plain intent of Congress expressed in the language 
of the law, Apple Computer treated all wages subject to tax withholding as 
qualifying expenditures for the R&D credit if the employee was directly 
involved in the R&D process. The IRS is now telling us that one form of 
taxable wages, that of employee stock options, is a special exception and 
, cannot be used for the R&D credit calculation. 

In the years 1981-83, the period focussed on by the IRS, Apple was a much 
smaller company with only $300-500 million in gross revenues (as 
com! ^0 almost $5 billion today). Stock options were then, and are still 
used by sinali high technology firms because they usually suffer from cash 
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flow shortages despite a promising future. Stock options ease the liquidity 
cninch by offering a non-cash, deferred compensation to employees which 
can be redeemed at a later date. These options arc granted in lieu of 
additional cash income. In fact, the only way small, risky companies are 
able to woo talented and high salaried employees from larger, more manire 
fimis is by including stock options in the compensation package. While the 
small companies typically offer the recruited employees a smaller cash 
wage tlian the companies from which they come , the stock options 
represent a potentially large stake in the future. Thus, by raising this 
administrative barrier, ex post facto, the IRS makes the R&D credit 
discriminate against smaller high technology firms who use stock optiohs 
much more than the older and larger firms. 

It was during the 1981-83 years tha: Apple R&D efforts resulted in the 
creation of the Macintosh Computer, a product which now generates the 
largest share of our sales. It was the R&D team of creative technologists in 
this period that produced the easy-to-use graphics interface for which the 
Macintosh is famous'. This is the revolutionary technical development thr* 
is now leading most of the rest of the personal computer industry to create 
graphics-driven interfaces for their own computers. It is the compensation 
of these R&D visionaries that the IRS. now neariy seven years later, 
refuses to recognize as qualifying for the R&D tax credit. 

Stock options are a particulariy important component of the compensation 
package for R&D employees of fast growing, inventive companies like 
Apple. Apple's future income stream comes from the products and 
technologies developed by our R&D team. By providing »his compensation 
stnicnire. Apple is asking our researchers to invest themselves in the fuUire 
they are helping to create by accepting stock options in lieu of higher cash 
wages in the present. If the funire products result in financial success for 
the company, these re'^earchers stand to benefit greatly. If the future 
products fail and the company suffers losses, the stock options become 
valueless. 

Employee stock options are a progressive, innovative approach to 
compensation. They offer company ownership to employees. Tliey 
engender more employee concern over total corporate performance and 
^product quality since their wages are directly connected to the 
success/failure of the company. They also represent a form of flexible 
compensation. In prosperous times, employees get a share of the corporate 
financial profits. In economically depressed times, employees share in 
corporate cost-cutting by accepting potentially valueless stock options. 
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Such wage flexibility can even enhance* employee job security since 
compensation rises and falls with corporate revenues. 

The IRS should not hinder such progressive compensation practices by 
declaring them ineligible for R&D credit purposes. This is a shortsighted 
destructive ijolicy which tlie IRS now flaunts in the face of clear 
Congressional intent for the stimulation of research and development. 

Apple and hundrexls of other innovative companies like us have succeeded 
in the past We have remained lean and agile, pouncing on new ideas, 
creating new products and seizing global markets. Our outlook is nothing 
but bright But we too sec cleariy the bothersome indicators that signal an 
erosion of our nation's ability to remain tlie world's leading innovators. 
We applaud this subcommittee's effort to focus the nation's attention on 
these important R&D tax issues so critical to our future success. We need 
and want stability in the R&D tax policy anJ in its implementation. We 
need and want a permanent tax citdit. 



BARRIERS TO THE SALE OF lNNOVATl\'E COMMERCIAL 
PRODUCTS TO THE GOVERNMENl' SEND AN INCONSISTANT 
SIGNAL TO THE R&D COMMUNITY 

Nearly three years ago, Apple Computer opened numerous offices around 
the country to provide sales and service to the federal government. We 
saw a significant business opportunity to help the federal government be 
more efficient with its procurement dollars by introducing to them an easy- 
to-use, market-tested computer technology which has proven itself in the 
commercial workplace and in this nation's education instittitions. With 
our easy-to-leam, easy-to-use technology, federal agencies can significantly 
reduce die time and cost of training their staffs. This case of use translates 
to more productivity for the federal workforce, something we all hope to 
see happen in these times of constrained budgets. Our Macintosh has been 
and continues to be « great success in tlie commercial world. 

Our Federal Systen»s group has been successful and has exceeded the 
compan/3 expectations for growth, to a large degree because of the 
dogged persistence of our sales representatives. Doing business with the 
, federal government is not likr my other sector of the American economy. 
The mith of the matter is thai our gjvemmenr's acquisition policies make 
'^oing business with the federal gDvemment very difficult, risky and costly. 
Fortunately, Apple has made a commitment to this market and intends to be 
successful in conununicating our message of hope for high productivity 
tools for govenunent employees and managers. 
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But, Mr. Chairman, current procurement policies are actually a powerful 
disincentive to a company like ours to invest in research and development 
of new technology. In practice, government procurement policies tend to 
ignore innovation, retard research, and disdain introduction of new 
technologies. 

It would seem logical that the federal government, which i*^ striving to 
create a climate that fosters iimovation, would want to embrace that 
innovation by buying and using it In fact, just the opposite seems to be 
true in the case of small computers. Actions by various departments of the 
government send clear signals that the government does not yet imderstand 
what is necessary for an American company to remain globally competitive 
and yet sell iu produces to its own government. 



MANUFACTURERS OF INNOVATIVE COMMERCIAL PRODUCTS. 
WHO ARIL COMMUTED TO STAYING COMPETrVIVE IN GLOBAL 
MARKETS. CAN NOT AFFORD THE EXTV. COST AND RISKS 
IMPOSED BY THE UNITED STATES GOVERNMENT'S 
PROCUREMENT SYSTEM. 

Much federal procurement policy today is based on the concept that "fair 
and rcfisonable" contraa price can only be assured through the burdensome 
and intrusive examination, audit and regulation of the financial books and 
business practices of private conunercial firms. If firms are paid by the 
government to research, develop and build such unique items as ships, 
tanks and planes, solely for government use, some degree of close 
examination may be necessary. But for companies who development and 
manufacture commercial products, solely at their own expense, v.^thout 
federal funds of ary kind and primarily for world-wide conunercial 
markets, to reveal cost and pricing data to the government is tantamount to 
giving it away to global competitors. The result of this intrusive practice 
by some contracting officers results in some companies refusing to sell to 
t)v: ^^ovcmment, even when they have won competitive bids, because they 
cannot afford to reveal business confidential data. 

U.S. procurement policy today is an intricate and frustrating web of 
, complex regulations which, on the whole, fundamentally rejects economic 
principles of free markets and robust commercial competition. As the 
Packard Commission so accurately points out, the U.S. Government 
frequently buys old technology, pays too much for it, and seems to avoid 
the advantages of proven, off-the-shelf commercially available technology. 
The Conunission also made strong recommendations for a streamlined 
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procurement system for the timely purchase of commercial products. If a 
product like our Macintosh computers can withstand the rigors or 
commercial competition, you can be sunt that any "fat" in the price has 
been squeezed out, and the product has stood up to the marketplace race. 



THE LENGTHY PROCUREMENT PROCESSES FREQUENTLY 
RESULTS IN THE PURCHASE OF OLD TECHNOLOGY 
At the national level, the necessary policies for buying commercial 
produas are in place. In actual practice, the Held is not implementing the 
policy rapidly. The cumbersome and lengthy procurement process used to 
purchase products was originally designed for the purchase of custom-built 
products for govemment and especially to military specifications. Using 
the old fashioned, cost-based contractor procurement system for buying 
off-the-shelf commercial products is a waste of procurement talent. 
AlJiough commercial products are widely recognized as offering 
significant cost and performance advantages, the procurement system has 
changed very little over the years to speed those commercial products into 
the hands of govemment employees. This is especially true in desk-top 
computers such as those Apple makes. The govemment will continue to 
receive old technology as long as it continues to take several years to 
complete one large "grand design" procurement action. Our industry is 
turning out new products every year to 18 months. So you can sec, the day 
the govemment award is made to a winning bidder, the product is likely to 
be less than leading edge technology, if not completely obsolete. GSA is 
aware of the problem and has some interesting data on the obsolescence of 
the govcrrunent's information systems. 

THE CONTINUED USE OF NARROWLY DEFINED "DESIGN 
SPECIFICATION" DEPRIVES THE GOVERNMENT OF THE BEST 
SOLUTIONS TO ITS NEEDS. 

Another govenunent practice that acts as a disincentive to research and 
development and to the ir,troduction of new technology to the govemment 
is the pervasive procurr:nent practice of "design spec" writing. Instead ;..t 
the govemment agency asking that commercial industry use its best minds 
to provide solutions to a specific problem or need, the govemment tends to 
write "design specifications" that dictate the solution to the problem or 
, need. This practice retards research and development and the introduction 
of new technology to the govemment. Apple has been the victim of this 
type of restrictive spec writing from time to time, and we look forward to 
new leadership and to new approaches that will insure that every vendor is 
afforded a level playing field for offering its products and services to 
federal agencies. When the govemment continues to buy old solutions, 
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what kind cf signal docs that send to our nation's creative innovators who 
are out there working to fulfill a dream for a better government and a 
better world? 

For example, the United States Air Force is presently planning to buy up 
to 240,000 desk-top personal computers over the next four years at a cost 
of what many say will be over one billion dollars. This procurement is 
particularly important because other federal agencies will likely buy off the 
contract once it is awarded. The winner of such a contract will likely lock 
in a 50% federal market share ove*' the four year period. 

The Air Force fielded a design-specific procurement document that reveals 
a very significant bias toward one proprietary technology. The 
Competition in Contracting Act requires "full, fair and open competition," 
The Air Force, in effect, picked the winners and losers of this competition, 
not by price or functionality, but by design spec writing. Functional 
specifications have been a requirement at the national level for many years 
now, but in acmal practice, however, tlicir use is rare. 

THE "ONE'SIZE'FITS-ALL" MENTALITY IN SMALL COMPUTER 
PROCUREMENTS UMITS INTRODUCTION OF INNOVATION AND 
HAMPERS USERS, 

The Air Force has authority to exercise flexibility by allowing more than 
one kind of microcomputer to be purchased by Air Force personnel for 
their varied requirements. If this department's strategy in buying desk-top 
computers were also applied to the procurement of aircraft, the Air Force 
would be buying one type of obsolete fighter aircraft for every type of 
flying mission. As it pertains to small compufers, this "one-size-fits-all" 
approach is not a cost effective solution to the Air Force's varied 
microcomputing requirements. The true life-cycle cost of this narrow 
design-specific approach will result in greater training costs and less than 
optimum productivity. 

Compatibility is not the issue here. Our Macintosh computers are designed 
to co-exist with most all computers found in the marketplace. There is no 
technical barrier at issue here. But the Air Force procurement officials 
seem to reject any approach that docs not meet their narrowly defined 
^ views on these issues. 

There seems to be more interest in maintaining backward compatibility 
with the older installed base of computers, merely for the sake of 
unifonnity, than in buying easy-to-use productivity tools. Moreover, 
Apple Computer is being asked to retrofit ourselves to old technology as a 
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prerequisite for serious consideration for federal government contracts. 
The obvious inconsistency here is that procurement officials are asking us 
to take n step backward, to be something we are not designed to be, while 
policy nisVers are applauding oui aggressive approach to research and 
developmci^: and to ihc innovative products that result. Clearly, this type 
of administiaCwe policy does not fuel the entrepreneurial spirit of 
America's innovative firms to create solutions for our own government. 

In 1984, Congress enaaed the Competition in Contracting Act to set forth 
new policies for government buying practices. The Congress recognized 
that robust competition by large and small firms alike would provide the 
government witli its best a& durance of fair pricing, qualit)^ products and 
leading edge technology. Instead, contracting officers and agency leaders 
are continuing to rely on heavy re^mlation and design specification writing 
as the con of procurement policy. Reform in this area must be a high 
priority for this legislative body in order to create an environment that 
fosters R&D, innovation and creativity which our own government can 
use.. 
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In summary, let me clarify just what we think needs to be done : 

1. Enact a pemianent R&D tax credit. 

2. Cause the Internal Revenue Service to administer the R&D tax credit so 
that predictability and stability will result for America's R&D 
community. We believe that Congress needs to clarify and reinforce 
its original intent to treat all R&D compensation subject to tax 
withholding as a qualifying expenditure for the R&D credit. 

3. Implement the Packard Commission's recommendations for reform of 
the procurement system that will remove the impediments to 
commercial product procurement and institute a streamlined 
procurement system that insures full, fair and open competition for 
vendors. 

4. Require through constant congressional oversight, that GSA more 
carefully execute it's responsibility for insuring compliance with the 
Competition in Contracting Act, so that agencies caimot continue to 
masquerade their bias in proprietary, "brand name or equal** contract 
specihcations. 

5. Eliminate the costly and uimeccssary Cost and Pricing Data audits and 
certifications for products that clearly meet the requirements for being 
commercial products. 

6. Initiate a requirement that the full life-cycle cost of pitxlucts be 
considered in government purchases. If all costs of training, supplies, 
and the costs of maintenance are considered in purchases, then durable 
products will be encouraged and rewarded. 

7. Foster more direct consultation between vendois and end-users of 
products so that procurement specifications will be written around the 
uses and functions of the product required. In govenunent, the people 
who buy products are not the same ones who must use them. This is a 
departure from the conunercial market where consumers have a strong 
say in what works. 
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Mr, Hayes. Thank you very much. Prior to beginning question- 
ing, I see that Congressman Mineta has asked that this be inserted 
in the record with his opening statement. I don't really know, I 
may have to take this under advisement for some time. Maybe just 
this once. 

[Laughter] 

Mr, Mineta. Mr. Chairman, about the highway you were asking 
me about yesterday — 
[Laughter] 

Mr. Hayes. We would be delighted to insert this opening state- 
ment. 

[The prepared statement of Mr. Mineta follows:] 
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Thank you very much, Mr. Chairman, 
i must admit that i feel a certain sense of deoa vu 

ABOUT THIS HEARING, AND THE FEELING IS NOT A COMFORTABLE 
ONE. 

More than 5 years ago, I testified before the Ways and 
Means Committee on the need tc permanently institute a 

HcANINGFUL R&D TAX CREDIT. FiVE YEARS LATER, NOTHING HAS 
CHANGED* 

The rites of renewal for the R&D tax credit have become 

AS PREDICTABLE AS KIREWORKS ON THE FOURTH OF JULY. We KEEP 
EXTENDTNG IT AND EXTENDING IT — BUT WE NEVER MAKE IT 
PERMANENT. HeLL, WHAT ARE WE WAITING FOR? 

The United States leads the world in basic research and 

DEVELOPMENT. BUT OUR PERCENTAGE OF CIVILIAN R&D HAS BEEN 
SLIDING FOR YEARS, AND I MAINTAIN THAT THE UNCERTAINTY OF 
THE TAX CREDIT YEAR IN AND YEAR OUT HAS CONTRIBUTED TO THIS 
SLUMP. 

If the U.S. IS GOING to take a STRONG, CONSISTENT LEAD 
IN TECHNOLOGY AND COMPETITIVENESS, THEN WE MUST HAVE A 
PERMANENT RESEARCH AND DEVELOPMENT CREDIT SO THAT OUR 
BUSINESSES CAN MAKE THE INFORMED, LONG-TERM DECISIONS THEY 
NEED FOR THEIR R&D PROGRAMS. 
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Our industries want to compete in the international 

MARKETPUCE, AND THEY KNOW THEY CAN WIN OUT. We KNOW THAT, 
TOO. So IT SEEMS TO ME THAT IT'S HIGH TIME THAT THE FEDERAL 

Government gave our industries a clear signal that the 
commitment to r&d is genuine and will endure year after 

YEAR. 

Thank you, Mr. Chairman. 
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Mr. Hayes. Briefly, because Fm sure there are other people who 
wish to ask questions ... 

Dr. Caulder, you made a comment earlier. I want to make sure 
that I understood it. In a previous life, I used to do some tax work. 
You made a comment about the impact on small business competi- 
tiveness of changes in capital gains law. I assume that the competi- 
tiveness that you are talking about is in the area of stock options 
and the area later touched on in some of the ESOP arrange- 
ments—is that correct, or is there an additional area that I did not 
hear? 

Dr. Caulder. No, it's in stock options. We pride ourselves in 
hiring bright people, and once they figure out that all we're doing 
is delaying their income now by giving them stock options, they 
ask me why. It's hard to explain to them. 

Mr. Hayes. I'm also curious— we feel a consistency in the testi- 
mony that we get. I know that you probably have felt that you 
come into a hearing— you've got a half dozen people — you wonder, 
in a body of 435, how that mformation spreads. The fact of the 
matter is that the groundwork laid does. I used to think when I got 
here that it didn't much matter what was inserted in the record. 
There are indeed both dedicated staii people who look at it and 
something you learn from each one of these hearings. 

I know that you mentioned and specifically tsdked about tax in- 
centives. Tell me in the context though, more specifically if possi- 
ble, what— whether it's in the field of tax, whether it's in the field 
of credits, whether it's in the field of deductions, whether it's in 
other Government proposals— what priorities of Government action 
would have your company do things in research and technology it 
might otherwise not do? What would most urge you to cross a bar- 
rier wbl.oh, within your own board of directors, is marginal now, 
but in light of some Government action, impetus or tax advantage, 
would push it to the other side? Is that list the same, and if so, in 
what order of priorities, for your company? 

Dr. Caulder. When you're in a very small company like we are, 
we only have about 150 people, and when you're in a very new sci- 
ence, into which you are introducing the pioneer products, you 
can't look at any single thing and say that "this will make me 
make a decision differently." 

The things that moke me make different decisions, and the three 
points that I pointed out, the alternative minimum tax, capital 
gain and the R&D tax credit, those have a very, very severe impact 
on me attracting the talent I need in order to accomplish some of 
the scientific barriers that we have to go through in order to get 
these new biological pesticides invented and in the marketing 
place. 

So, to look at a tax problem right now and what it does is inhibi- 
tory in the real bowels of the company and those are the people I 
can get, rather than saying I would do a research program differ- 
ently, as in Apple Computer would, obviously they have products 
in the market place and they have income. 

I don't have any income now. Mine's all outgo. I just spend 
money. I've got a lot of shareholders that would like me to change 
that. I can't change that without the right kind of people, and the 
things I outlined inhibit me from getting those people now. 
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I have several vice presidents that I recruited out of large compa- 
nies ^jth the promise of "you're going to own part of this company, 
and, through capital ^ains you're going to be able to increase your 
equity and your not worth over hard work over the next five 
years The alternative minimum tax change and the capital gains 
tax changed that. ^ ^ 

In effect, I recruited these people with a promise I couldn't ful- 
fill, with something I have no control over now. I need to recruit 
other people to do that. I can't do it now. 

Mr. Hayes. This leads me to Mr. Swihart. I appreciate those ob- 
servations from the standpoint of industry demand, with Mr. Swi- 
hart having an opportunity in recent years to look at production— 
for tne product that you need, for the bright people that you need 
in your business. 

We have a Government that has retreated from its commitment 
to funding of graduate work. To v/hat extent has your experience 
in industry shown a picking up of that previously committed 
burden and to what extent do you attribute a shortfall? Ard, brief- 
ly outline if you could the approaches that we might take— you 
heard the academic panel a little earlier— from your present exp*^- 
rience, the approaches we might take, and your priorities, and 
what we could do to help fill that gap. But, first of all, what has 
industry done? What's been the response? 

Mr. Swihart. Mr. Chairman, 1 1 ink that industry, in particular, 
my own previous company, supported the universities very heavily. 
We just recently gave the University of Washington another $5 
million. We ve given half million dollar grants to a lot of the major 
technical universities, some represented by people on your commit- 
tee, close at hand. 

Now we do provide any student, any employee who wishes to get 
a masters degree, we provide him with full coverage of his tuition 
p". long as he maintains B or better, overall. I think the industry as 
a whole IS supporting the universities, but we still need more of 
those bright, young people to come from the K through 12 into col- 
lege, into the masters, and on into the doctorate degree. Some of 
the things that Dr. Liebman said I think we could support verv 
wholc\eartedly. ^ 
Mr. Hayes. Thank you. Mr. Poulos, I'll make an observation that 
wiJl make you foel better. When I first got here, I wanted to pur- 
chaso equipment for our Congressional office, and I found that, on 
the allowable list of items I could purchase, was equipment that 
cost .^ice as much as what I could buy that worked better, but it 
was already on the approved ''st. Whereas, if I waited for other 
items to get to the approved list we would have a telephone only- 
for the year or so that it took for them to consider whether im- 
provement had been made. The same thing is true of our telephone 
system. 

^\P^^ u things that Government does worst is, in trying to do 
the right thing and preventing someone from having an unfair ad- 
vantage or someone buying equipment from their brother-in-law, 
we end up making rules that avoid that— but unfortunately, we 
can t buy equipment from anyone else eiiher. 

In light of that, I can certainly, sympathize with your comments 
about procurement. From the example I gave, we have some con- 
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trol over it. I rem the agency level, I would be interested in know- 
ing your comments, because yes, there is oversight. In the example 
used it was the Air Force, Sure, +^ere is oversight within armed 
services, but once again, the time delay of oversight is one that 
allows them to address a previous circumstance, rather than antici- 
pate the manner in which they could perhaps urge action. 

So from your previous statement, what do you do in advance? 
What do you do as an oversight committee in armed services or in 
hetnngs like this to formulate what anticipatory actions we could 
take, rather than having to deal with what's described as a previ- 
ous dilemma and have to work in the aftermath of what's already 
done? 

Mr. PouLOS. A company like Apple opens offices around the 
country to do business with the Government in a positive, effective 
way. It does not want to establish an adversarial relationship with 
agencies of the Government. When we lind these kinds of procure- 
ment biases, we try to work directly with those agencies first to 
educate, and to market our product. 

We have an education job to do, and we're doing that. But when 
we find the biases that run as deep as we've seen evident in this 
Air Force procurement to which I made reference, we can only go 
to the leadership of that agency and call their attention to the 
problem, which we have done in this case, I might say. Our voice 
was not heard. 

What's left to us?— to come to you and ask for oversight of this 
and of future procurements. As I say, I think the proper statutes 
are in place. We don't need more law. What we need is a clear 
oversight by the General Services Administration to ensure that 
the provisions of the Competition in Contracting Act are in fact en- 
forced, and that in this case, through a document called a delega- 
tion of procurement authority, the Air Force was given authority 
to conduct this procurement. But who looked at the procurement to 
see whether it was truly full, fair and open? 

So the only thing we can do is communicate directly with the 
agency and then, if that doesn't work, of course, with committees 
with oversight jurisdiction. That is why we bring this J^ue to you, 
in the hope that you will highlight what we believe is a significant 
bias in Government procurement. 

Mr. KLayes. Thank you very much. In light of the time, though I 
really do have several things I would like to go into, I would rather 
defer to the Chairman, Conip:^man Walgren for questions. 

Mr. Walgren. Thank you Mr Chairman, I want to salute Con- 
gressnian Hayes' interest and background in this area. This hear- 
ing is in large pait framed around his contribution in developing it. 
So I want to express my appreciation to you. Congressman Hayes, 
for helping with this hearing. 

Mr. Hayes. If the gentleman would yield, I certainly didn't invite 
Norman [Mineta] to it, though, when v/e were talking about it. 

[Laughter] 

Mr. Walgren. What kind of instinct do you hav' for the R&D 
tax credit as opposed to other kinds of financial incentives or b3.r- 
riers that you've deait with in private industry? The comment was 
made that the R&D tax credit doesn't really rise to the level of 
boardroom decision in companies making a commitment to pursue 
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one thing or another, but *ather is used a3 an after-the-fact bit that 
is handed to the accountants when they are told to reduce the tax 
liability of the firm to the most proper extent that is available. 

Can you give us any feel about how the RvVD tax crMit would 
compare with investment tax credit or other icinds of treatment 
that would be helpful? 

Mr. SwxHART. I mi^ht address that, Mr. Walgren. I think that 
each one of those thmgs that you mentioned get iust about an 
equal amount of weight. Whenever you're doing a billion dollars 
worth of research and development a year and you don't know 
whether or not you're going to get a 20 percent investment tax, or 
10 percent investment tax credit, or 5 percent, or 20 percent R&D 
credit, the next year, you look very seriously on those particular 
kinds of decisions, as you project your future. 

Because, obviously in our business, like others, you must project 
in the long term. You have to be doing five and ten year planning 
into the future. So I don't think there is any great differentiation 
between those except that we do need continuity and we do need to 
know that they are either not going to be in place, or thev are 
going to be in place so we can do adequate planning on that oasis. 

Mr. PouLOS. I would like to echo his comments. Nothing goes to 
the bottom line faster than the R&D tax credit. The initial deci- 
sions to invest in a new technology are basically technological deci- 
sions based on the feel that our people have for the probability of 
success. 

But ultimately, whether that effort is funded by the company is 
a financial decision. The degree to which we can count on the R&D 
tax credit then of course provides that support. If we can't count on 
it, if we don't know whether it's going to be there next year and 
the year after, then it erodes that support. 

Dr. Caulder. I would agree wholeheartedly with both those 
statements. I would like to make a more general statement about 
R&D funding. I made a comment that I think we have a basic prob- 
lem in the United States. We no longer have a population that can 
really sepai'ate science from technology. 

The thing that disturbs me from a small-company standpoint is 
that when I rummage around in basic research looking for some- 
thing to convert to technology, that basket is getting too small. We 
are not funding enough basic research in the United States at our 
university level which is going to lead to getting good scientists, in- 
cidentally. 

It goes back to — again, I'll repeat my father's statement — it's not 
by coincidence that as our science student population goes down, 
our MBA and lawyer population is going up. Those are the wrong 
priorities, as far as I'm cou emed. So I'm very disturbed that the 
Federal Government is not stimulating enough basic research. 

Believe me, if enough basic research is done, the Apple Comput- 
ers of the world and the Mycogens will take that basic research 
and convert it to the technology that's going to create the jobs and 
the products that we're all looking for here. 

But when I see our basic research eroded over time, and I'll give 
you one specific example as to one I have seen. In the 1940s, about 
80 percent of our R&D budget went for agricultural research. Lress 
than 2 percent of it goes for agricultural research now, and we 
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haven't had an increase in constant dollars since 1968 in the agri- 
cultural research budget in tho United States. That's very disturb- 
ing. We are now consuming our seed com. We're not going to have 
anything fo/ the future unless we change that. 

Mr. WAIX5REN. Interestingly enough, only yesterday, the Deputy 
Undersecretary of C!ommerce sat right in the chair to your left and 
in response to questions which I a£ked about preparation for going 
into the European markets in 1992, I received comments instead 
concerning the historic relationship where Government and busi- 
ness in this country were not as interactive as they are in the Pa- 
cific Rim, and the concept that that need not be overly disturbed. 

The point I was trying to make you've just made much better 
than I attempted to yesterday. I admit that there is a distlixtion, 
both through culture and circumstance, that no, we neetl not 
repeat the Pacific Rim, the Japanese interrelationship of business 
and government. It doesn't mean that we have to change what is 
historically the distance that the megority of people in tlus country 
put there, but we do have to create an alternative. 

The alternative linkage, as you've suggested, is through the uni- 
versity system, and the linkage has to, nevertheless, be made. Al- 
thougn it's different, it's nevertheless responsive. And, although it's 
an alternative to what might contain features that both have a*^ 
vantages and disadvantages, it uiill has to occur. 

Instead, what we get in budget requests, and what we get in ini- 
tiatives are not that. Initiatives and budget requests will simply 
say that private industry can pick up any of the gap that's made 
here and create both the pool of scientists and educate them and 
take them into idustry. 

What you're telling me is, that's not so, that the commitment of 
Government is a real one, and it is not in based on the historic sep- 
arateness, but instead filled with what is a simplistic view that this 
Grovemment has to do what individual people or companies cannot 
do only and solely for themselves. 

What you then have to have is a small business erosion of oppor- 
tunity to where only very, vary large companies are able to effec- 
tively create a system of supply and demand for the employees that 
need the technologjr to use. 

I gratuitously offer that, but you can imagin ) a bit of our frustra- 
tion when we're trying to make those same points to people who 
can do some initiatives through the Executive Branch, and who in 
turn think we're saying something else, that we want to change 
the historic structure and tell business what to do. 

Instead, I suggest that in future correspondence and hearings 
and opportunities, suggest some initiatives that come not only from 
the l^islative branch, but also from the Executiv^^ Branch of Gov- 
ernment that don't destroy any of those traditional separate areas, 
but further, certainly further, economic opportunitiec for this coun- 
try, and certainly further what the chairman of this full Commit- 
tee likes to call the new wealth in technology, the full production 
of it. 

I thank you for your observations. I didn't mean to take up so 
much time, but it's importan*^ somewherr;? that that be said,^too, 
much as you said that it is sometimes important to make those 
cases after they are done. 
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The gentleman from California has— all right. Why don't I in- 
stead recognize the gentlelady from Maryland? 

Mrs. MoRELLA, Thank you, Mr. Chairman. I appreciate the testi- 
mony that I heard, and I want to ask you candidly what your ap- 
praisal is of a bill that many of us are co-sponsoring that would 
make permanent that R&D tax credit. It's H.R, 1416. Because in 
listening to your testimony, you are asking more than for making 
p jrmanent the R&D tax credit, and I wondered if you had had an 
opportunity to look at the bill to give us your assessment of it? If 
you have not, Fm going to ask for the record we get copies to you 
and you send in your comments. 

Dr. Caulder. I have looked at it. I put it in a category of "we'll 
take anything we can get." There are so few. Understand that all 
of us have probably overemphasized the R&D tax credit simply be- 
cause it is a very visible thing, it is something that has been very 
capricious in how we've looked at it, in how we have been able to 
use it, and it has interfered greatly with our long-term planning. 

So, there are many, many ways that I think you can incentivize 
small businesses and this conversion of our basic science to technol- 
ogy. That's just one component of it. 

Mr. Potjlos. I'd like to say that Apple supports that bill, primari- 
ly for two reasons. One, that it will be made permanent, that's 
what I understand the bill says. Two, that it will now include start- 
up fi*-ms, such as Mr. Caulder suggested. 

We have 9,000 software companies that have grown up around 
and with Apple, small business, tv/o, three or four people oper- 
ations, that are writing innovative software that runs with our 
hardware. Those people need the advantages of an R&D tax credit 
early on, before they begm putting their product out on the market 
for sale and before they can start bringing the income in. We be- 
lieve thut is a critical part of the bill that we fully support. 

Mrs. MoRELLA. Incidentally, I just figured out that byte of the 
Apple, is that b-y-t-e, is that right? I just wondered— Mr. Swihart, 
did ycu want ,o comment on that? 

Mr. Swihart. Mrs. Morella, NCAT is a 501(cX3) corporation, and 
therefore we cannot comment directly on the bill. As an individual, 
I will tell you that I am very supportive of the bill, with hopefully, 
a few additional things. 

Mrs. MoUELLA. Dr. Caulder, you talked about basic research and 
the reed for us doing that. It just seems to me from my limited ex- 
perience that we are making some enormous progress and strides 
in basic research. But then we don't carry it to the technology 
point. That's exactly what other countries have done, like the Japa- 
nese. It seems to me that there is where there is probably a larger 
gap. Would you agree, or dispute that? 

Dr. Caulder. I think there are two components to that. One, we 
seem not to do that. I think we have done that. But, again, Vll go 
back to — you don't create value by doing mergers and doing deals. 
You do it by making products. 

And we tend to, at the basic level, sometimes trivialize basic re- 
search. I'm sure in 1896 when the electron was discovered no one 
ran into the streets and said "we can now have television." And 
I'm sure in 1972 when we spliced the first gene, that had Senator 
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Proxmire known about it, because the title was '*Sex Life of Bacte- 
ria," he would have probably given it a Golden Fleece award. 

So we can not anticipate what the need is going to be for basic 
research. And yet, if people can't come before you and say this is 
what Tm going to be selling in X number of years and how many 
jobs I am going to create from it, you cannot fund it. We can no 
longer do that. We have to support basic new knowledge. Believe 
me, if it is useful, it will get converted into products by someone 
like the Mycogens or the Apples of the world. 

That basket is just running dry on us, though. It will get convert- 
ed. 

Mrs. MoHELLA. This leads me to a question. At what level and in 
what way does that R&D tax credit become a fpctor in a corpora- 
tion making a decision about whether or not to fund an R&D pro- 
posal? Is it important? 

Dr. Cauij)er. It's very important, and I would disagree that it 
does not get to the board level. It depends on the si^e of your com- 
pany. What bathroom tissue we use sometimes gets to my board 
level. 

So when I look at the R&D tax credit, it is a matter of funding, 
and if you do the arithmetic, you fund those things, you think you 
have the highest degree of success, and you weigh that against the 
long-term risk. We have very few real long-term projects that go 
past three or five years. I would have more, though, if I had the 
ability to know that I was going to be financed over a longer period 
of time, probably. 

Mrs. MoRELLA. You've all mentioned in some way the procure- 
ment system — we don't need any more regulations, we need to 
clean them out, and we need to move faster. That seems to be a 
critical element, the speed, or the lack of same, which gives anach- 
ronistic stuff that we're bujring because of the time lapse. You 
mentioned that in your testimony, Mr. Poulos. 

You also talk about implementing, as a result of that, the Pack- 
ard Commission's recommendations for reform of the procurement 
system. Are those recommendations adequate? Secondly, let me go 
into the same area. There is something I don't quite understand. It 
says "require the GSA more carefully execute its responsibility for 
insuring compliance with the Competition in Contracting Act so 
that agencies cannot continue to masquerade their bias in proprie- 
tary brand name or equal contract specifications." What does that 
mean? 

Mr. PouLOS. Those are pretty strong words, I know. The GSA has 
a responsibility to issue a delegation of }>rocurement authority to 
an agency who wants to do a major procurement, such as the Air 
Force procurement I spoke of for over 200,000 units of microcom- 
puters. Not just for the Air Force, by the w^, it's expected that 
many agencies of the Government will buy off that contract once 
it's awarded, not just the Air Force. 

If the General Services Administration were to properly exercise 
its responsibility in overseeing and delegating that procurement 
authority, it would check to insure that the procurement is in fact 
full, fair and open, not sort of fair, not kind of fair, but really fair 
to everyone. 
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When an American company based in Cupertino, California, with 
a plant in Fremont, California, makes an American-made computer 
with American technology, protected with American patents, 
cannot bid on a Unitei States Air Force contract by virtue of the 
way the specs were written, then something's wrong. 

That's where I believe that there was no proper oversight. I don't 
believe that the Air Force rhould be cJlowed to buy a billion dollars 
worth of microcomputers a*.^d not even consider Apple's offering. 

Mrs. MOREIXA. What can we do about it? You said Congressional 
oversight— Do you feel Congress has not been aggressive enough in 
pursuing reforms? 

Mr. PouLOS. The Government Operations Committee has been 
very aggressive on these issues. We look forward to their continued 
interest. 

Mrs. MoRELLA. You've had an opportunity to testify before them? 

Mr. PouLOS. We have not as yet, but we would certainly enter- 
tain an invitation to do so. 

Mrs. MORELLA. The Office of Technology Assessment has given 
pretty—well, I think they lack personnel themselves, but they 
haven't given very good grades to the whole procurement process 
in terms of testing, in terms of competitiveness, and evaluation. 
Would you tend to agree that that's been one of our m^'or prob- 
lems? 

Mr. PouLOS. I won't comment on that, I will just say that there is 
an ongoing investigation right now in the Government on procure- 
ment bias in the area of computers. We merely ask that a look be 
taken, that when a m^jor corporation like Apple comes to work 
with the Government and be a good business partner, to be shut 
out of a m^or procurement like that just runs across everything 
that's American to include fairness. 

Thank you. 

Mr. SwiHART. Mr. Chairman, this is a very good example of 
something that was one of the strong recommendations of the 
Packard Commission. The Packard Commission recommended that 
the Government use more commercial practices and in this particu- 
lar case, I think quite clearly if they were using commercial prac- 
tices and getting rid of the many, many yards of specs that there 
might be a different answer. 

Mrs. MoRELLA. Could I just ask one small further question, Mr. 
Chairman? 

Education— you've all mentioned that education is important, 
you talked about math illiteracy, scientific illiteracy, but then look- 
mg beyond that, you would talk about jast the ability to communi- 
cate, to understand not only the English language, but then to 
have a facility perhaps through our schools for other languages 
which will help this competitiveness. 

How do you go about doing that? Elementary school is obviously 
important. I think it's more important than when you reach the 
higher education, because our students are going to go into higher 
education in math and science and engineering if they re given 
the incentives and the excitement early on. 

But you're not just talking about math and science, you're talk- 
ing about across the board. Now, how do you get the best teachers 
that are going to inspire others? Is it money? Would you make it 





125 



special so that you just give special compensation to teachers in 
critical areas? What would you do? Mr. Poulos, would ycu com- 
ment on that? 

Mr. PoULOS. Apple has many programs along those lines. We are 
the leading computer vendor to schools and univeniities around the 
country. We sponsor programs to reward young, innovative soft- 
ware writers, for example. Apple has a close relationship with edu- 
cational institutions. It has for its entire history. 

One of the thixigs that the computer industry has done, though, 
that I thiiiL is remarkable, is that it has over the years provided 
computer products to students and faculty alike, at very, very deep 
discounts. We know that students don't have a lot of money to 
spend on fancy computers. So we really cut the margins thin to 
offer these products through university bookstores. 

It's distressing that the Ways and Means CJommittee is now con- 
sidering a tax which would increase the cost of those computers to 
those students. It would disallow those low price products to profes- 
sors. It would impose a tax on the unrelated business income gen- 
erated by that bookstore. 

We think that these kinds of actions send the wrong signals. We 
WEUit to put tools in the hands of students and professors alike so 
that they can learn to work and think better than they do today. 
We think our technology will help them to do that. 

We're willing to invest in the future by really trimming the mar- 
gins down and providing these products to students and faculty at 
very low discount prices. 

Dr. C/ULDEE. I think like most things, you work for incentives. 
Incentives can come in many forms, but I can assure you since the 
Phoenicians invented money, thanks comes in second. We have to 
reward people for what they do. You do that through an incentive 
system that allows them to work toward their particular goals. 
Money is always one of them. 

I have been on a couple of curriculum committees at universities 
and a question I get that always bothers me is they want to know 
how we can train our science students to get into biotechnology. I 
think our universiti is have drifted too much into a training mode 
rather than an education mode. I am tired of getting Ph.D.s that 
can't write a simple declarative sentence. 

So I think that we have to start very early, in fact I would rec- 
ommend a book to all of you, it's called "All I Really Need to Know 
I learned in Kindergarten," and it has some very poignant points 
in it. We have to start early, and we have to keep educating our 
populace, rather than continuing to train them in a technology 
that's going to ^e outmoded. 

To give you a specific example, six years ago when we started 
Mycogen, we needed molecular biologists. There weren't any. We 
had to retrofit biochemists to become protein chemists. It wasn't 
too liard to do when we found a good biochemist. 

Everyone wanted to train protein chemists. I don't need protein 
chemists anymore, I need fermentation chemists. There aren't any 
of those now. So if you try to train for a particular skill, you're 
always going to be behind. We have to continue to give a broad 
education to all of our students, so that they can be trained when 
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they get to industry. The university is no place to train students, 
it's a place to educate them. 

Mrs. MoRELLA. You have a very good point. It's like when Edwin 
Arlington Robinson in one of his cynical moments in writing 
poetry said "all the world is made up of kindergartners trying to 
spell God with the wrong blocks.'' 

Thank you, Mr. Chairman. 

Mr. Hayes. Thank you. Now, if there is anyont^, because of the 
length of the hearing that needs to go stretch, go outside, or per- 
haps to the restroom, now would be a good time, because I'm going 
to recognize Mr. Mineta of California for his questions. 

Laughter] 

yir. Mineta. Thank you very much, Mr. Chairman, I think. 

Tirst of all, let me thank the panel for their contributions on this 
subject matter. As you are familiar, the American Electronics Asso- 
ciation is in town this week with their Capital Caucus. Their main 
emphasis has not only been the R&D tax credit, but has really 
been more on the cost of capital, the availability of capital, and the 
difference between the cost of capital to a new company like Dr. 
Caulder's firm, an existing company like Mr. Poulos — but in any 
event, the cost of capital and the difference between, let's say, a 
Japanese company and a U.S. company. 

In terms of the order of priority, and given the importance of 
R&D tax credit, educational tax credit, things of this nature, where 
would you place cost of capital, R&D tax credit, all these other 
things that we have to deal with, given the fact that today the 
name of the game is income to the Treasury. As soon as you say 
"tax credit" someone will say, "holy cow, that's a loss to the feder- 
al coffers." We get a lot of knocks just on that basis. Yet, there are 
a lot of us who are supporting these various kinds of tax credits, 
including an incentive of the old investment tax credit. 

The investment tax credit, from my perspective as a former chair 
of the Aviation Subcommittee, was the biggest thing that we 
needed to get airlines to invest in new equipment. Where would 
you place it, in terms of a priority listing, as to what we ought to 
be doing? 

Dr. Caulder. I would place cost of capital right at the top. Be- 
cause since the October crash of a few years ago, equity capital is 
no longer available to small companies, so that means that your 
capital is now more expensive that it has ever been before because 
you end up selling your technology to someone. That's the way you 
raise wap'tal. 

Mycogen's specific example has been that we have two rather 
large deals with Japanese companies, and we've had to form limit- 
ed partnerships with Japanese companies in order to raise capital. 
So in a small company, cost of capital and what you ha\e to give 
up for it is very, very expensive now. 

Mr. MiNr But the alternative is long-term debt, and do we 
have that k-nd of capability to have long-term debt financing? 

Dr. Caulder. I'n? not sure I understand exactly your question. 

Mr. Mineta. First of all, we have to have a savings pool in order 
to have, either a capital available through either equity funding or 
through debt funding. We don't have the savings rate that Japan, 
West Germany, France, Britain, seem to have. So we are sort of 
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behind the eight ball right from the beginning because of the dif- 
ference in savings right now. ' ' recall, the figures are somewhere 
about four percent savings i or U.S., whereas the savings rate 
for the Japanese is somewhere around 21 percent to 22 percent, 
West Germany, 18 percent to 19 percent. Fm just wondering 
whether or not we go to debt financing or to equity financing, 
whether we really have a capital pool v^ithout having to go to for- 
eign sources. 

Dr. Caulder. Well, again you've touched on what to me is a per- 
sonal sore point. We gel back to we've been rewarding the wrong 
things. We reward people for leveraging themselves rather than 
saving. We tax our savings accounts and then we allow people to 
leverage themselves and give tax breaks on debt. That's the wrong 
priority, as far as I'm concerned. 

So as long as we have that system, we're never going to have the 
capital pool going into savings that we can draw on at the low in- 
terest rates the Japanese have, for instance. They save a signifi- 
cant portion of their income, and they only get three percent 
return on it. So there is a lot of capital available for the Japanese 
companies in order to expand their business or start new technol- 
ogies. We don't have that same one to draw on. 

Again, the public market is gone for small companies. There is 
no equity market now in our area I don't know of any company 
that has had an initial public offering or has had a secondary in 
quite a long time. You have to do what I have done, which is go to 
other sources in order to get it, and the only assets we have in a 
small company are intellectual assets. We have patents, and intel- 
lectual assets, the banks don't loan you a lot of money on that. 

Sc you've got to convince someone else that they have value and 
those people that you convince they have value are the people who 
recognize it as a long-term investment. 

The other eight ball that we're behind, when I discuss with my 
Japanese partners their outlook, is very simple. They say it's very 
easy for them to dominate an industry. They look at an industry, 
whether it be electronics or biotechnology, and they say we would 
like to read your annual reports, because your CEO' says he is 
going to have a certain return on capital, return on investment, on 
a quarterly basis. He says, if he sets his at 15, I'll set mine at 12. 
He moves his to 12, I'll move mine to 8, because I know I'm going 
to be in my job 20 years. He's going to be gone in two. That's the 
type of mentality we're dealing with in the capital market, and 
that's why it's very lucrative for small companies with long hori- 
zons for products to turn to tha^ raarket to get their money. It is 
very expensive, though. I had to g.ve up half of the Asian market, 
in a joint venture, in order to raise capital. 

Mr. MiNETA. Should we disallow interest, then, to a company for 
the junk bonds? 

EV. Caulder. Again, the ability of a small company to partici- 
pate in that type market just isn't there. It's not available. 

Mr. MiNETA. Given the fact that we're faced with maybe the pos- 
sibility of having, to in order to get away from the LBOs and the 
kind of mergers that seem to be going not for expansion purposes 
but for downsizing purposes, every majo' merger we've had, the 
companies have had to sell off assets in order to be able to keep 
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going. KICK— on the RJR, the Reynolds acquisition, Nabisco— now 
they re selling off Nabisco and Del Monte and all the food products 
in or^Ier to finance the purchase of R.J. Reynolds. Should there be 
R disincentive by disallowing the ability to write off the interest 
cost p those kinds of deals and try to get into something more pro- 
ductive, R&D tax credits, or university R&D tax credits, or some 
other area? Sematech— there are all kinds of innovations going on. 

Dr. Caolder. Tm not a real proponent of having disincentives. 
Give incentives. Make it so much more valuable to do other things 
with those assets that it doesn't occur to anyone to provide disin- 
centives. 

Mr. MiNETA. We have those incentives right now in the tax laws. 
That's what created the junk bonds aud what do we get out of it? 
We get a sharp stick in the eye. Fve seen so many companies, just 
in the airline industry be destroyed by this. 

Dr. Caulder. It's an incentive for doing a deal, though, not creat- 
ing value. 

Mr. MiNETA. Value, vou are absolutely right. 
Dr. Caulder. And it s wrong incentive. 

Mr. MiNETA. So why not do away with that incentive that's 
there, and disallow the interest cost on those junk bonds for these 
people who are tearing us apart, rather than trying to build some- 
thing for our future? 

Dr. Caulder. Exactly. To me, it's just like cap' .1 gains. I don't 
think we ought to have capital gains on a lot of things we had 
them on in the past. But do have capital gpins on people who truly 
have an equity investment and are willing to hold it for one or two 
years, or three, whatever the amount may be. That's a true capital 
gain then. A true capital gain isn't when you^re dealing real estate 
and flip it. 

Mr. MiNETA. You're absolutely right. Mr. Poulos, any comment? 

Mr. Poulos. I think* it's fair to say that cost of capital is, if it's 
not the first, it's certainly the second priority within our company, 
although Apple abhors long-term debt. We don't have any, have 
not had any. Cost of capital is a structural issue that either helps 
or doesn't help us remain competitive. Certainly, when I say either 
the top or the second place issue with us, equally as important, is 
market access to foreign markets. 

Mr. Mi'V^TA. The comment you made in your statement about 
design specifications is so apropos because I think in aU of Govern- 
ment, we re too design specific. We ought to be performance stand- 
ard based, and yet performance standards really aren't the way 
that most RFPs are let around here. Until we get away from being 
design specific, I think you're going to find that problem over and 
over again. We do have the Contract Compliance Act that was 
passed— I believe in 1983— in terms of fair and open contracting. 
But despite that the agencies are design specific. That may be the 
difference between the ins and the outs. 

I remember when we did the computer tax credit to companies 
that gave computers to educational institutions. I don't know how 
many IBM people I was visited by that said ''This isn't tb** way to 
go. This is an Apple bill." That was a specific comment to fight 
what we were doing in terms of that compucer tax credit that was 
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worked on. But then again, it's just the outs versus the ins. We see 
this all the time. 

Have you made any progress on this performance standard 
versus specifications? 

Mr. PouLOS. With the Air Force, no. 

Mr. MiNETA. What about GSA? 

Mr. PouLOS. We're communicating with GSA now on the issue, 
not just with the Air Force, but in a broader sense, and we believe 
we're going to have some success. As I said, we have opened offices 
around the country to market and to educate and to tell the Gov- 
ernment about our product, and we're being enormously successful. 

The Federal Systems Group, managed by Mr. Lloyd Mahaffy, has 
exceeded every target the company has set for growth in the past 
three years. Our sies are increasing at a very nice rate, and the 
leadership of the company is very pleased with the performance of 
that particular group in doing business with the Federal Govern- 
ment. So I'm not here to say that nobody's buying our computers. 
They're buying them faster than we every dreamed they would. 

If customers and users in the Government were allowed to buy 
the computers that they wanted, we would sell even more. That's 
the point I make in my testimony. 

There are two issues. One is the design specification problem, 
and the other is the issue of measuring life cycle cost, the true cost 
of a product to the Government. In a computer it's more than jast 
the cost of the box, or the hardware. It's the cost of the hardware, 
and the software, but as we all know now, it's also the cost of 
maintenance and training. How long does it take you to become 
proficient on a range of programs, on a range of applications so 
that you can be really productive? We provide a technology that 
provides the Government with a major advantage there. 

The question is, is the Government asking the question, how 
much does it really cost, for ail of those issues? I maintair. ^.hat it is 
not, and it needs to. We look forward to working with the Govern- 
ment in that regard. 

Mr. MiNETA. Mr. Chairman, if I might just ask one other ;ues- 
tion. As companies progress, or industries progress, we have also 
found many foreign companies connng in and buying U.S. compa- 
nies. Should those foreign-owned U.S. companies be able to bid on 
U.S. Grovemment contract? 

Mr. PouLOS. I believe the law prescribes that they mast be al- 
lowed to. 

Mr. MiNETA. I don't know the reason, because I was just visited 
by a company — 

Mr, PouLOS. Unless there are certain security requirements that 
prohibit them, I think the iaw requires that they be allowed to bid. 

Mr. MiNETA. Northern Telecom, as an example in the communi- 
cations business, is disallowed from bidding on U.S. companies be- 
cause it is considered a Canadian company, but there are a number 
of others, in our own area, now we have Siemens buying Rolm. 
Should Rolm be able to market their PBXs with the Federal Gov- 
ernment, as they are owned by Siemens? Should— oh, there are all 
kinds of examples. 

Mr. PoULOS. I think the U.S. Government would benefit from all 
technologies being available to the Federal marketplace just as our 
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technology should have access to those foreign markets and to 
those foreign governments such as Japan, South Korea, India, 
Brazil, we'd like to see an open market with all players competing 
and being selected by the quality of their product. 

Mr. MiNETA. And in the absence of being able to get market 
entry, what should we do? 

Mr. PouLOS. Try harder. 

Mr. MiNETA. Themk yz% Mr. Chairman, thank you very much. 

Mr. Hayes. I'm going to recognize the gentleman from Califor- 
nia, but first, to follow up, rather than take my home state, which 
in financial institutions is, as a result of both the crises in agricul- 
ture, and oil and gas, not a good example. Til take yours in CsJifor- 
nia. 

Venture capital has vanished nationwide, not in the regions re- 
lated to the circumstances of financial institutions. But, the obser- 
vation that I think would be made by both those v/ithin the indus- 
try and close to it, and even in the securities industries, is that 
there are reasons for this which can be easily identified. One is 
return. A high risk venture capital has no greater return than is 
available Zii alternative markets with substantially less risk. Two, 
the institutions that are highly capitalized usually tend to be 
smaller. Even small business loans, as I would categorize Dr. 
Caulder's business, exceed loan limitations of those who have the 
highest capital structure, and therefore are more available to enter 
into a venture. And third, expertise. I don't think that we can sit 
here collectively across the country and name ten financial institu- 
tions that have anyone working for them in any department that is 
able to rate Dr. Caulder's loan, to determine whether or not that is 
an adequate risk for that institution. 

We do not, as some governments are able to do, because of the 
interconnections of their commerce department (their equivalent of 
the Commerce Department), their equivalent of financial institu- 
tions, and the interrelationship of the equivalent of their large cor- 
porations, develop that inter-network of expertise, where when he 
walks in the front door of the bank nearest his home, or the size- 
able institution in a large city nearest home, someone can make 
that financial judgment based upon what they're reading. 
^ I think that one of the avenues we haven t explored today, and 
I've got to get the other questions, is that p^erhaps in addition to 
doing things where we're interested in creating a student product 
that is better than we do, we ought to also be talking about encour- 
aging institutions for venture capital — but by the same thing, en- 
couraging incentives of developing the expertise within the institu- 
tion by which you can rate this kind of loan. And that's deplorably 
lacking, and there is no need. The institution itself will never 
expand in that area, because presently, there is absolutely no need 
to look for venture capital lending. 

Thus, who do you inherit? You inherit someone not with the 
money, although that's essential, you inherit someone with the ex- 
pertise to make the judgment as to whether that money has been 
properly invested and put to good use. That's the part that's so 
sorely lacking in our own financial structure. 

I would be interested, at a later time, in your thoughts, from 
your relative experience, on how to improve that situation and how 
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to perhaps encourage financial institutional services into develop- 
ing departments of expertise that protect their dollars, and at the 
same time make capital available for good projects. 

Let me jump first to the gentleman from California, and then FU 
get back to the gentlewoman from Maryland who had one follow 
up question. 

Mr. Campbell. I shall take but a moment. Thank you. 

I \yanted to address a question on intemation^ aspects of com- 
petitiveness, particularly, whether access to foreign markets is a 
critical component to get the efficiency size of scale of production 
in order to be competitive. If you could just take a moment and 
speak to the question, if I could put this question to Mr. Poulos and 
Dr. Caulder, in your businesses. 

What sort of access problems have you had to foreign markets? If 
you could just take a minute and identify that, and do you agree 
with me that that's an important part of being competitive? 

Dr. Caulder. Absolutely it's an important part. In anticipation 
of this, we knew the Japanese markets would be closed to us. One 
of the components of having a Japanese partner is access to those 
markets. That's why we have a joint venture there. That was the 
only avenue available to us. 

In my past life, I managed Southeast Asia for a larger company 
called Monsanto. We tried to introduce a product in Japan over a 
long period of time, and we found that we could spend a lot of 
money for this product and get about a four or five percent market 
share. We could spend a little bit of money and get about a four or 
five percent market share. 

After a few years, I wised up. Don't spend much money, you're 
going to get the same thing. So it was obvious, the market share 
was allocated to us. It continued to be allocated in many of the im- 
portant areas. So for us to expand, we have to have access to those. 
Right now, we're using about the only means we have which is 
joint venturing with the people. 

Mr. Campbell. Does Apple have the same problem? 

Mr. Poulos. Apple sells its products in many countries around 
the world. Growth in those foreign markets is critical to our long- 
term success. Where we have frustrating bureaucratic barriers, 
such as in some of the Asian countries, we would encourage and 
applaud any action that the Government takes to help reduce 
those barriers. 

Mr. Campbell. Would the Asian countries incjlude Japan, Hong 
Kong, Taiwan, Korea and Singapore? 
Mr. Poulos. Many of those. 

Mr. Campbell. Would you care to delete any from that list- 
Hong Kong, Japan, Taiwan, Singapore, Korea? 

Mr. Poulos. I wouldn't care to make that statement today, no. 

Mr. Campbell. Treasury Regulation 1.861-8, the Foreign Source 
Allocation for R&D, this is an aspect that you may or may not wish 
to comment on. It's a rule of allocation of R&D to foreign source 
where the R&D in America can conceivably be tied to product 
sales, both here and abroad. Now we're kicking around the pros- 
pect of doing a 65 percent allocation rule. 

I know this is not part of your testimony, but if it happens co be 
something on which you wish to comment, I'd be interested as to 
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whether you think the 65 percent approach is satisfactory, it's 
something on which you are not prepared to comment now, I would 
take that as well. Any of the members of the panel? 

Dr. Caulder. Vm not prepared on that, no. 

Mr. PoULOS. Fm not, no. 

Mr. Campbell. Thank you Mr. Chairman, those are all of my 
questions. 

Mr. Hayes. Yes. The gentlelady from Maryland. I will ask since 
we do have another panel, although Fve thoroughly enjoyed this, if 
we could keep that an equal opportunity on each panel. 

Mrs. MoRELLA. I will make it very brief. I was just wondering, 
because the R&D tax credit is going to cost something, $1.8 billion, 
how do we attempt to measure the effectiveness of it? 

Dr. Caulder. I think you're making a big mistake when you try 
to measure it. It goes back to basic research. If you try to measure 
it, you're always going to say. Til take Apple as an example, had 
Jobs and his partners said, "Can we compete against IBM?" they 
would have closed that garage door in a hurry at that point in 
time. 

You caji't look at these things on a snapshot basis. You just have 
to say that the system has worked, when we have financed basic 
research, something good is eventually going to come out of it, I 
don't know exactly where it's going, but if you try to evaluate it 
through MBA Program 101 and puc numbers to it, you're always 
going to kill it. 

Mrs. Morella. Anyone else want to comment on that? 

Mr. SwiHART. I might add something to that from general aero- 
space industry activity. Actually, our best competitive position is to 
build a better mousetrap and sell it before the other fellow does, 
and the success of that is because we would have had a negative 
trade deficit for several years, if it wasn't for the commercial air- 
craft sales to the United States companies. 

I think the R&D credit is just one of those things that give us the 
capability of developing the technology at an early time and turn- 
ing it into a better ^^roduct. 

Mrs. MoRELLA. I would think there would be some signs in the 
future that we would see to indicate that to continue it permanent- 
ly is helping. I'm talking about justifying it also with constituency. 
When you're putting almost $2 billion into this and then you talk 
about capital gains and you talk about these other things we need 
programs for, housing, and whatever — 

Dr. Caulder. I maintain that research dollars are opportunities, 
not cost. And when you refer to it as a cost of $1.8 billion, that 
mind set bothers me a little bit. It's an opportunity, not a cost, 
when we put money into basic research and intx> our educational 
system. 

Mrs. Morella. Right. But it is a pragmatic dimension from this 
side. Thank you, Mr. Chairman. 
Dr. Cauldet. I understand your problem. 
Mr. Hayes. Thank you very much. 

The next panel is Dr. Robert Lawrence, Dr. Robert Eisner, Mr. 
Stuart Eizenstat, and Dr. Allen Womack, Jr. The Chair will recog- 
nize the gentlewoman from Marylaiid. I believe she wishes to intro- 
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duce a member of the panel. The rest of you, I suppose, will inherit 
me. 

Mrs. MoRELLA. I welcome the panel and I thank the Chairman 
for tnis particular courtesy. On the panel is a constituent of mine. 
He is somebody that we are all very proud of in this country, Mr. 
Stuart Eizenstat. He has held so many different positions that I 
couldn^t possibly enumerate all of them, starting with domestic 
policy advisor on the Ca ^er Administration, and he is appearing 
before us today, Mr. Cha. lan, as Counsel for the Council on Com- 
petitiveness and Research and Technology. I think he was on the 
American Agenda** and is very involved in competitiveness and 
making our great country even greater. 

So I thank you for the courtesy of allowing me to extend a par- 
ticular welcome to somebody for whom I have great respect. I 
thank you. 

P^r. Eizenstat. I appreciate that. I remember when Mrs. Morella 
knocked on my front door, looking for a vote. 

Mrs. Morella. Now I leave for a Maryland delegation meeting. 

Mr. Hayes. Thank you. WeVe got Stuart, who can't keep a job, 
let's see — 

[Laughter.] 

We also have Dr. E. Allen Womack, Jr., who is Vice President of 
Research and Development in Babcock & Wilcox, Dr. Robert 
Eisner, Professor of Economics at Northwestern University where I 
was once offered a scholarship, and for which I have had a great 
fondness ever since, even *^hough I did not attend the University, 
aiid Dr. Robert Lawren a Senior Fellow in Economics at the 
Brookinjri Institution, Vyiiere I was once invited to speak and was 
paid money for the engagement, so there is probably a huge ethics 
problem here, and we'll have to ask you to sit in the back and face 
the wall. 

[Laughte.-] 

Gentlemen, thank you. If you have a predetermined order, that 
would be fine, if not, then I suppose we'll begin in any other fash- 
ion. Had you predetermined an order of speaking? In that case, 
then I'll begin with Dr. Lawrence. 

STATEMENT OF ROBERT LAWRENCE, SENIOR FELLOW IN 
ECONOMICS, BROOKINGS INSTITUTION, WASHINGTON, D.C. 

Dr. Lawrence. Thank you very much, Mr. Chairman. 

In the time that I have available, I'd ' e to ask five questions. 
I'm going to concentrate my remarks on «ne question of the R&D 
tax credit. 

The first is, why shouH the Government be stimulating, be 
trying to have policies to stimulate commercial research and devel- 
opment? Let me put the stress on the commercial aspects and the 
development aspects of this process. Why not just give your money 
to basic research? 

My answer relies on studies by eminent economists, in particular 
one by Edwin Mansfield at the University of Pennsylvania. He 
looked at the benefits to private firms from doing commercial R&D. 
He fcund that on average, they got a rate of return of about 15 per- 
cent. He n calculated: what returns had that commercial R&D 
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provided to our society as a whole? What he found was that the 
median return was 56 percent. 

Others have replicated that study. Robert Nathan found a differ- 
ence, again, of double the social rate of return, as double that of 
the private rate of return. Foster and Associates got four times the 
rate of return. 

So the bottom line, in my view, is that the social returns to this 
activity are much greater than those that accrue simply to the 
firms themselves. The reason is simple. When you invent some- 
thing, you cannot fully capture all the benefits of your invention. 

You'' competitors will emulate your invention. Competition will 
force you to pass on some of the prices that you would otherwise 
have, you will have to lower your prices. 

So the variety of economic effects, which are well recognized, 
which argue that systematically, our society will under-invest in 
commercial R&D, and that's why the Government should be trying 
to do something to stimulate it. 

The next issue is how should we stimulate it? I think there is no 
single avenue, but that the R&D tax credit is an appropriate mech- 
anism for trying to stimulate this activity. Basically, it relies on 
the firms themselves to decide what's in their best interest, to let 
them spend the money to participate in the risks of the activities. 

And, in fact, I would argue that if you are talking about a rela- 
tivelv small program compared to the total value of research an^l 
development spending, you're goin^ to get more bang per buck 
with an R&D tax credit which eff'ectively changes the incentives at 
the margin that those firms are considering, than you would, say, 
for a grants program. 

The problem with a small grants program is tb^^ firms will send 
in their best projects. And of course, they will be m competition for 
the projects which thev would undertake in any case. 

The critical point about an R&D tax credit is that it can aff'ect 
that margm. Well, has the R&D tax credit worked? My colleague, 
Martin Baily, and I have looked at this question, and we find that 
recent development spending during the period that the credit has 
been in effect, has been considerably greater than you would have 
expected. 

We have also surveyed considerable evidence that indicates, as 
you might expect, that firms do respond to economic incentives, 
and that in fact, research and development spending does, if you 
lower the cost of research and development spending, firms will 
perform more of it. 

We find, in fact— we looked across 12 different industries over 
the period 1981 to 1985, and we found in 11 of them that spending 
was higher than you would have ^wd given the fact, let me 
stress, that this was a period in whicn there was a very deep reces- 
sion. Normally, you would have expected research and develop- 
ment spending to slow down during that period, and in fact, it held 
ite pace and was much stronger than you would have expected. 

We concluded that spending was about 7 percent higher than 
should have been expected. Now, and if you add the impact of the 
increase of spending to the fact that the social returns are much 
greater than the private returns, you get impacts on GNP that are 
considerably larger than simply the impact of ihe credit itself. In 
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fact this is a case, given those high returns, where you can plausi- 
bly make the argument that eventually the stimulus to GNP will 
increase revenues to more than pay for that credit. 

It is, in my judgment one of the few cases where the so-called 
Laffer curve actually operates, givan the range of tax incentives 
that we have currently. 

Nonetheless, there are some weakness with this R&D tax credit. 
In particular, because of budgetary restraints, it has been cut back. 
It used to be a 25 percent credit. It was lowered to a 20 percent 
credit. Ironically, the impact of tax reform made the benefits of 
any tax credit lower, and so that lowered the incentive effect. 

In add'Mon, more recently there was a partial disallowance of 
R&D expense, whereas originally the credit at the margin had an 
incentive which we would estimate as being around 7 percent, it's 
not the full 25 percent because when a firm qualifies for the credit 
in one y ear, it loses, by raising its base, it loses eligibility for the 
dollar of spending in futui e years. 

Originally, we were talking about something like a 7 percent 
credit, today we're looking at something around 3.3 percsnt or 
under 4 percent. So what we've done is we've whittled away the 
incentive effect of this credit to the point wheie it is pure token- 
ism. 

Now, I think that the new bill which has been proposed, H.R, 
1416, makes a considerable improvem-,iit in the design of the 
credit. What it does is take the advice of the critics of the credit, 
who have pointed out that its incentive effect is much weaker at 
the margin than it could otherwise be and make it far more effec- 
tive by changing the definition of the base. 

And in fact, the way it is currently proposed, at the margin for 
firms qualifying for the primary credit of 20 percent, they will get 
a full 20 percent incentive at the margin for each dollar of spend- 
ing. So we are making that credit for those firms five times as ef- 
fective as the current 4 percent effective rate which they currently 
enjoy. This is being done overall, on the Treasury's estimates, with- 
out raising the overall cost of the credit. 

In my judgment, the importance of research and development is 
such that I would like to see an increase in the overall commit- 
ment to the credit beyond that which is in the current budget. 

Nonetheless, I " ould support the proposal to change the credit. 
Let me point out, even in the case of those firms who qualify for 
the 7 percent secondary credit, for them at the margin, the effect 
will be at least twice as great as it currently is today. 

So we've got a mechanism by which we are going to get a far 
more effective credit with more stimulus to R&D, indeed one which 
could be around four times as effective for the same cost. I think 
that's a good deal. 

Thank you. 

[The prepared statement of Dr. Lawrence follows:] 
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before th3 

Subcxximittee on Science, Research and TachwDlogy 
of the 

Conmittee on Science, Space and TQchnology 
U.S. House of Rspresantatives 
May 18, 1989 

gie_ R&D Tax Credit: An Appraisal 

Oho U.S. economy faces major chaUenges in the year? ahead. Thsre is 
welcona news that exports are rising and the trade deficit is ccming down. 
But that deficit rernains^ dauntingly large. We have a long to go yet. 
trhere is welcane news that productivity growth in U.S. namifacturing is now 
running at over 3 percent a year. But in Japan, manufacturing producUvity 
growth last year was hi^ than ours, and the Eurcpean econaaies are on the 
move again. If the United Stateo is to retain its position as the nost 
productive econony, we mast maintain or even iirprove our Ferformanse. we 
can iwpe that the worst of the econonic prcblems of the past 15 years are 
behind us, hut the challenges of tha future will be tou^. 

Inproving the econony wDl take efforts h\ many directions, ^ihb 
workforce needs more skill3, education aivd inot.lvati»n to add to its 
cwitribution. Investment in new plant and equiprrBnt ^IxjoXd increase if W9 
are to equip the workforce appsx^-iately to corpate. And the United States 
mist continue to develop the innovative yproducts anrl processes that have 
been its competitive strength fuvi its najor source of producUvity gra^th. 
7t» federal governnent has tradiUonally pJayed an important role in 
Epwisoring technology develognei-it and today the National S-li^^, tumdation. 



statarent was prepared Jr^intly with Martin Neil Baily, Senior 
Fellow, the Brookings Institution, Tlie views eoqaressed do not repres«it 
thosti of the Brookings InsUtuUon, its oificers, trustees, or other staff 
members. This statement dravw on analysis comilssionad by the Council on 
Research and atechnoloqy. 
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the Defense Department &nd other i^gencies direct resources into basicscience 
and technology. And of course since 1981 the R&D tax credit has been an 
inportant part of the federal catmitment to Innovation. 

It iB new vddaly recognized that comercial R&D is vital to U.S. 
conpetitiveness and growth, and that an tax credit can help to overccne 
the "appropriability problem" with R&D spending. When a ccctpany spends its 
cwn R&D dollars to develop a new product or process, tt»3 benefits spill over 
outside the ccnpanir in ways for which the cotpany itself will r»t receive 
payment. Caipetitors will copy the new technology. Research aiKi 
engineering staf^ will leave to join other corpanies or set up their own, 
taking their taicwledge vdth them. For these reasons tJ» innovating conparty 
cannot "appropriate" all of the returns to its own R&D. Sane of the 
benefits accruing to its ccopetitors, its custaners and its cnployoes will 
noc be paid for. As a result, f inns will spend less on R&D than would be 
desirable fron the perspective of society as a whole, unless there are 
additional incentives frcro the government. 

Scroe economists ackncwledge the case for government intervention but 
d>ject to the R&D credit on the grounds that govemraent s u ppo r t should be 
concentrated only en basic research. Ohere is a need to s up p or t basic 
research, but the evidence suggests that, in the United States, firms do not 
engage in sufficient canrercial R&D spending. Although they use different 
methodologies and data sanples, most studies have reached the sarta 
conclusicnj Industrial R&D has social retunis that far exceed the returns 
fr ' other kinds of investment .^ 



1. Ohree coiplemsntary studies caimissioned by the National Science 

Rxindation svipport this conclusion. Professor Edwin Mansfield and his 
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Ihese studies poii± clearly to the need for increased incentives for 
private ocnpanies to do more R&D. An R&D tax credit increases the 
efficiency of the market system, rather than distorting it, sotrBthing that 
is true of very few other ft^ecial provisions of the tax code. Ihe strength 
of the case for an R&D credit has been recognized by the Senate, the Ifouse, 
and the adninistration, even in the face of the budget deficit prcblaa. 

Other eoonooiists argue that the governnent or a conmittee of e^q^erts 
shoidd be given the task of picking the comercial projects with the hi^^st 
social payoff. And scroa even go further and suggest that paw-^mii^ kinds 
of firms, e.g., hi^>tech, cnokBstack, large or small, should be favored. 
In some cases, e.g., superoonductlvity, support for a particular technology 
project may be warranted. But for the most part, we a're uncertain whens the 
hic^iest social returns will be realized, so it is better to give a general 
incentive that is available to all firms. Oliis is thf» essential philosophy 
behind the R&D credit: while the govemmsnt provides additional levercging, 
a hroiid spectrum of firms decides which projects should be si^jported. 

Cie use of a tax credit es^yloits the strength of the private market. 
Commercial R&D involves finding innovations that will succeed in the market, 
not lust those that are feasible technically. Successful innovation 



associates at the University of Pennsylvania analyzed detailed data on a 
sanple of seventeen typical innovations. Ilhsj' found that the iredian 
project in their anple had a rate of return to the firm undertaking it 
of IS percent, however, once they took into account the benefits 
accruing to other firms and consumers, the median return to society was 
56 percent. In a similar study, Robert R. Nathan Associates found the 
median social rate of return to be 70 percent, about twice the madian 
private rate of return. And Poster Associates found the median 
innovation had a social rate of return of 99 percent and a private rate 
of return of 24 percent. 
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requires knowledge of market conditions and the needa of custoners. The tax 
credit channels federal support to the people who are best able to choose 
ccranercially worthwhile projects and bring them to fruition. Vfe support 
federal fundiiig of basic science. But such support is no substitute for the 
R&D credit. 

In fact, tax incentives are likely to be more effective in stimolating 
R&D spending than a grants canpetition vdth a similar budgetary cost. When 
government grants for p&D are made available, private corpanies will respond 
by seeking funding for their best projects, i.e. , those they would undertake 
anyway. An r&d tax credit, by contrast, can affect decisions at the margin. 
lha Strengths of the Existing Credit 

- ^ credit that was in effect fron 1981-85 increased private R&D 
spending . In an earlier study we examined the evidence on the effectiveness 
of the credit and then carried out their own investigation of the data.^ Vfe 
reviewed several independent studies that concluded that the credit has 
succeeded in raising spending, althou^ they found that the ijtpact was not 
very large. Ou: own analysis used more up-to-date informtion than in the 
other studies and it confirmed that the credit had raised spending. 
Moreover, our analysis indicated that the a?edit was more effective than had 
been thou^t. The ratio of R&D spending to output during the period when 
the credit was in effect grew more than twice as rapidly as in the 
ccnparable period prior to the enactment of the credit , m a statistical 



2. Martin Neil Baily and RcAjert Z. torence, Tax Folic jes for Innovation 
and Ocmpetitive , study ccrrmissioned by the Council on Research and 
Technology. 
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analysis, v© found that the credit InaBased R&D spei^AiiKr In 11 out of tha 
12 Industrjjes studied and raised overall R&D spendiiKf by $2.6 billion a 
Year.3 ohese resiats proved robost \A«n we asked if thare were alternative 
estplanations of the incxeased R&D spending over the period. 

- ^ social return to R&D is so high, that the credit is vsrtht^iile 
even if its iitpact is snail . Many people judge the credit on vftether it can 
encourage more R&D spending than its costs in tax revenues. And tha 
findings we have just described suggest that tha 1981-85 credit passed that 
test. But in fact this is not the correct test. Because the social rate of 
return to RfiD is twice or even four times tha return to tha private ooipany 
perfcoaulng it, this means that it is worthwhile for ta:<payers to encourage 
R&D even if more pessi m istic estimates of ths credit's effectiveness turn 
out to be oonect. ate credit will raise GNP and pay for itself in the long 
run even with a very conservative view of its inpact. 

Problems with tha Existing Credit 

- ^ credit provides on}v a small incentive/ and its effectiveness is 
being eroded by revi sions of the cede . Tte credit that went into effect in 
1981 had a statutory rate of 25 percent on spending above a base level. But 
the incentive effect was nuch less than 25 percent, because of tha way the 
base was confuted, in particular, current spending Increases the future 
base and thus limits tha Incremenval incentive. Wa calculate that, on an 
after-tax basis, the original credit reduced tha after-tax cost of a 
prt^osed new R&D project by only 7 percent. In addition, as Robert Eisner 



3. Ihese results refer to the period 1982-85. Tha credj.t was only in 
effect for part of 1981. 
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has pointed out, the credit could even act £S a disincentive to R&D for a 
corpany that was cutting back its R&D spending below its base. 

Ohe credit was renswid for three years effective in 1986 at a lower 
statutory rate and its incentive effect was reduced further because of (i) 
the reductixm in the oorporat,^ incoms tax rate and (2) the enactment, last 
year, of a provision \^iich offset the benefits of the credit vdth a 
disallowance in the e:5)ensing of R&D spending. Ohe credit today provides an 
incentive to R&D spending for qualifying f iims which is less than 4 
percent. An incentive of this magnitude is siirply tokenism. It 
acknowledges the social need to stlnulate industrial R&D but does virtually 
nothing to achieve it. aha R&D tax credit cannot be effective unless it 
provides an adequate incentive. 

- A temporary credit has only a limited iitract . Soma r&d directors 
report that the credit has only a minar lirpact on their R&D budgeting 
decisions. And no vronder. Not only is the incentive effect small, but 
conpanies do no*« knew v^ther or not the credit will even exist in the 
future. An R&O project planned today will often involve spending over many 
yeaLr into tht futxnre. Indeed it is long-term planning that we wish to 
encourage in our conpanies. A credit that will dis^jpear in a couple of 
yearu will not provide the stable incentive needed for long-term r&d 
planning. 

- Many corrpanies now miss out on the credit altogether . When the 
credit was enacted it applied only on spending in excess of the base level. 
At a time v*ion the majority of ccnpanies vrere raising spending, this was 
seen as a reasonable tradeoff bet^geen the goals of giving an adequate 
incentive and minimizing revenue loss. Ohe credit's structure is no longer 
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appropriate for the times. ^Sany U.S. ccsi^panies hawe raised their P&D to 
sales ratios but since their saJ.e3 levels have fallen or failed to grow 
rapidly, they canncjt maintain 'cha increases in R&D that were achieved in th9 
past. 

Ihe scope of the credit should be as broad as possible. Encouraging 
declining firms to undertaSoe more R&D could be as beneficial socially as 
encouraging those that are e^qpanding to spend more. Uie existing credit 
provides no incentives for corpanies vto have fallen behind in R&D sperxiing 
to catch up, and provides little incentive for ccnpanies that have achieved 
hi^ levels of R&D spending to hold that level. 
The Proposed Restructuring of the Credit 

Recently there have been proposals to restructure the credit and make 
it permanent. In particular, representatives Jenkins, Frenzel and PicJde 
have have proposed that the R&D tax credit be extendted in a revised form. 
•Hie Mninistration has also indicated its support for an extension of the 
credit, prc^josing a basically similar forra to H.R. 14'' \ the Jenkins- 
Ecenzel-Pickle proposal. 

The existing tax credit has been a valuable tool to encxxirage growth. A 
revised and permanent credit would be much better. ^ iitproved design in 
these proposals wduIc* significantly enn^^^e the efficiency of the credit by 
dramatically raising incentives and increasing coverage. 

Ihe naw credit would be in two parts. IHnB Treasury has estimated that 
a revision v*iich did not raise tlie revenue loss to the Treasury could be 
achieved with primary and secondary rates of 20 and 7 percent respecti\'ely. 
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The primary credit would be 20 percent on R&D spending in excess of a 
base level, ate base level in 1990 would be a percent of the average 
spsndiiKT in earlier years. In subsequent years the base would rise in line 
with the increase in GNP. The secondary credit would be 7 percent on 
spending in excess of 75 percent of the base level. Caipanies would be free 
to choose either credit in each year. 

l»ie typical ccnpany v*iich has matched the growth rate in overall US R&D 
spending over the past dec^db would be eligible for the primary credit. 
Since its additional spending in 1990 would not affect its base in future 
years, with the new credit, the cost of its marginal R&D project would rx>t 
be reduced on an after-tax basis by the full credit. Ihis would result in 
an after-tax incentive of the full 20 percent 5 tines as large as the old 
credit. Olie new credit would provide a substantial incentive to add extra 
projects. KhUe the increnental litpact of the credit would be significant, 
the subsidy to R&D would remain a relatively small prrjportion of total R&D 
spending. A representative coipany would receive a credit equal to only 
about 3.5 percent of its 1990 R&D spending. Hiis representative corpany 
would be given an inpcrtant incentive at a relatively small cost to the 
Treasury. 

What about carpanies whose R&D spending grows more slowly? A corpany 
vrfiose R&D had grown by 3 percent a year after 1983 would select the 
secondary credit. Otiiij would provide an inoenUve jAiich is about twice as 
large as that received by eligible coipanies under the old credit forrmla. 
Moreover, urder the old credit foimala many such cotpanies would not be 
eligible for the credit and sane mi^t have found thonselves with an 
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incentive to reduce R&D spending. Hcwever, no such disincentives occur with 
the new fomula. 

As with the primary credit, ths iitiproved iiicentives for additional 
projects is achieved at relatively small overall costs. A carpany eligible 
for the secondary credit but just below the threshold for the primary 
credit, would receive a subsidy equal to only 2.4 percent of its 1990 P&D 
spending. 

With both the primary and secondary credits, over time, cotpanies will 
have their bases rise autcmatically. In future years, they will have to 
increase spending as fast or faster than GNP in order to avoid a gradual 
reduction of their credit. 

The Advantages of the Proposed Credit 

- For cotpanies whose R&D is growing strongly, the proposed credit 
provides an incentive for additional R&D five times as large as the current 
credit. It does this with no further loss of tax revenue. By cortoining a 
hi^ credit rate for any additional project with a low average rate overall 
it does e3:actly what it should: it rewards coipanies that add to their R&D 
spending and, for the most part, avoids rewarding than for R&D that was 
being dc^iS anyway. 

- aha proposed credit broadens the range of coipanies eligible for the 
credit and encourages those that have had hard times to resurt© the growth of 
their R&D spending, it provides a solid ijx:enti.vQ to these coipanies, but 
again, the average credit rate is low. rO^ 7 percent incentive in the 
secondary credit is still twice as high as the incentive in the current 
credit. 
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Ws have calculated that the proposed rvaw credit would provide 
conpanies with abou t 3 to 5 times as large an Incentive for greater R&D 
spending a s the credits in effect in the 1980s. At the sane tine, the 
Treasury has estimated that the new credit we have considered would cost the 
same tax revenue as the credit currently in effect. In terms of 
effectiveness per dol lar of revenue loss, the proposed credit is better bv a 
factor of 4 to 1 . 

There have been different estimates made of tlie increase in R&D 
spending induced by the credit in effect between 1981 and 1985. lhe?e have 
ranged from $500 million up to $2 billion in extra R&D. Based i^jon the sane 
underlying assunptions about the responsiveness of conpanies, the proposed 
new credit would raise spending b/ between $1.3 and $5.2 billion, oince 
the revenue loss of the credit is thou^t to be about $1 billion, the new 
credit is clearly a n excellent policy, even under the most conservative 
assumpti ons about hc»7 businesses respond to tax incentives. 

Ob maiy people it seems paradoxical that the new credit could have a 
nuch bigger ij\pact on spending without having a nuch bigger revenue loss. 
Ohe basic reason is that the new credit iises a base indexed to GNP growth. 
A coipany that raises its R&D to sales ratio is not raising its future base 
or cutting its future credit, as is the case with the old R&D credit. Under 
the proposed new credit, corpanies that fall behind COT growth will receive 
less credit (keeping the revenue loss down), but corpanies that step up 
spending will get more benefit (the incentive effect) . 
Oonclusions 

The proposed credit represents a substantial inprovanent over tha 
existing credit. The U.S. econoty todiy is in a rather different phase than 
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ths one it was in 1980-81. R&D spending has grown rapidly since then and 
now the main task is to h^ld the new higher level to achieve this. It 
avoids the adverse ijx:entives built into the existiiig credit by adjusting 
the base with C2IP rather than in response to each ccrpany's cwn spending. 

\te urge the passage of a revised Credit. Ellen Rosenthal, a r^rter 
for Tax Notes , talked to many people including critics of the existing 
credit about this proposal and she writes: "No one interviewed for this 
artic: opposed the proposal." We also urge the Congress to resist efforts 
either to cut the effective credit rates or m^ke the extension of the credit 
tenporary. 
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Mr. Hayes. Thank you. 

Probably it would be best to follow an economist with an econo- 
mist, so, Dr. Eisner, if you please. 

STATEMENT OF ROBERT EISNER, PROFESSOR OF ECONOMICS, 
NORTHWESTERN UNIVERSITY, EVANSTON, ILLINOIS 

Dr. Eisner. Thank you very much, Mr. Chairmair. I welcome the 
opportunity to be here. If you hear more than one economist, you 
w'U certainly hear more than one opinion, I know you expect that. 

Dr. Lawrence did refer to critics of the R&D credit. He men- 
tioned Professor Mansfield. Let me mention that I was one of those 
commissioned by the National Science Foundation some five or six 
years ago to do a study of the R&D tax credit to see how it was 
working. They are of course, not responsible for my findings. 

I did find that it was something of a monstrosity. I think the cur- 
rent proposal is a substantial improvement, in part, I do believe, as 
Dr. Lawrence he*: suggested, because of our criticisms, parti'^ularly 
In .egard to tVt'^ hase. It will make it less perverse and perhaps 
more effective 

Dr. Lawrence -iijl not point out that Professor Mansfield, among 
other things, hf .v. also done a study in which he found that tax 
credits here ar. \ in a number of European countries were quite in- 
effective, had a very low bang for the buck and had not been suc- 
cessful in stimulating much R&D spending. 

My own work "c.y strongly confirms that. I can point to a table 
in vhich just even oxi a very crude basj=^ you note that the R&D 
eAj-.^nditures in real terms in the six years before the credit was 
instituted, grew at about a 6.2 percent annual rate, and in the six 
years since they grew at a 3.8 percent rate. 

Now, there are a number of defects remai!^ xig in the current 
R&D credit. While I am going to end by suggesting there are much 
better ways to support --jcience and technology and to support re- 
search, and I do think there is a major role for Government sup- 
port in research aLi?o, in a number of the ways that have been 
proposed already this morning. 

But if you were to go with this credit, you've got to recognize 
that the important thing of the credit, despite I might say, not dis- 
respectfully, a lot of special pleading. The important thin*: is not to 
make companies richer. In a way, ideally, you hope njt to give 
them a penny more. You simply want to goad them, give them an 
incentive to do something they would not otherwise do. 

In ohe way the credit is still structured in the current proposals 
of tl-e bill before the Congress, there are a nL^nber of difficulties. 
One of them, for example, is this 50 percent base requirement. 
What that means is that, for companies that would be increasing 
their R&D most rapidly, the incentive is substantially reduced and 
indeed they're given some incentive to delay their expenditures 
until some time when they are not caught in that increase. 

A second problem remaining Js that companies that don't have 
uny tax liabilities, they may be quite numerous perhaps despite the 
new tax reform, may at best give some deferral of taxes out of this, 
but they may not even get anything. And there are of course still 
the firms who go completely below base; and there are new firms 
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which are not going to have tax liabilities, the ones you're most 
concerned with, many of :hem don't have profits on which thtyVe 
paying taxes. 

There is mrther in the new proposal, I have to say, and I think 
guided, Fra afraid, unfortunately, by the feeling that perhaps politi- 
cally that everybody had a share, the 7 percent thing which is an- 
other very perverse factor. Having an alternative base means that 
you're going to have a situation where firms who would otherwise 
spend a little bit more than base and entitle themselves to the 20 
percent credit, will calculate— you can perhaps see from my paper 
and work it through sometime— will calculate, unless they're going 
to go to 13.5 percent over base, they would do better to actually use 
a 7 percent credit. Using the 7 percent credit as Dr. Lawrence or 
others would acknowledge, simply obviously reduces the incentive 
effect to them by about two-thirds. 

But those are defects in the proposed bill. I will acknowledge, 
and I think thanks to our criticisms, it is certainly better than the 
existing law. I am puzzled that anybody should ever have expected 
there to be any benefit from the existing law, because it's been well 
documented that the nature of it, because of the company-specific 
adjustable base, was such that all the firms could possibly get out 
of it, if they were rational, was a postponement of tax liabilities, 
and not an elimination of them. 

Therefore, they would at best get some saving, in terms of the 
value of having their money earlier rather than later, and in a 
number of cases, as I have suggested, it was perverse, because of 
the fact that they were below base, or could be below base, and the 
like. 

But other vhan that, lets then come finally to, I think the most 
basic question this Committee has to face. I really appeal to this 
Committee perhaps as much or more than to the Ways and Means 
Committee. You are concerned with a broad problem of supporting 
science, and supporting research. 

Ab Dr. Lawrence pointed out, as any economist indicates, the 
critical question is, is there any reason for Government to tell a 
business to do what it is not otherwise going to do? Why should it 
give it a tax advantage? Why should it give it an incentive? Why 
should it lose the taxpayers money? 

i think we have to remember there are opportunity costs. Is 
there something else you can do with a billion or a billion and a 
half dollars that the Treasury will be losing? I would say there is a 
lot that can be done with it, and along the lines of providing what 
private firms cannot provide. That is a basic pool of qualified scien- 
tists and engineers that they can use in R&D, that will give them 
the basis for findi^^g R&D profitable, and using it for themselves. 

The problem with the current proposals is that they apply to all 
R&D spending. The National Science Foundation will give you fig- 
ures pointing out that only 3.8 percent of R&D spending, company- 
funded R&D spending, is basic research. It's . basic research 
that is not likely to have an immediate payoff to a company. The 
payoff to that basic research will be to the entire economy. So 
that's par Icularly the kind of thing the Government should be sup- 
porting. 
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However, 22.5 percent of a company-funded R&D is applied re- 
search, and 73.7 percent is development. The bulk of that I would 
insist, is spending which may well be very useful, but there is no 
reason to use the tax code to tell a company, "we know better than 
you, you should be spending more on this R&D research than you 
find it profitable to spend." 

That is not the argument for supporting education, for support- 
ing the funds for graduate students in science and engineering. I 
think what this Committee has to worry about are the reports, 
which Fm sure you must all have heard, about 13-year olds, who 
are given tests in science and math, and compared with the Japa- 
nese, South Koreans, Europeans, and Canadians, and we come out 
dead last. 

There is nothing there that Apple Computer or— well, maybe 
Apple Computer can do something, you know, in sending comput- 
ers around— but that is something that really needs Government 
support, support for education, support for graduate study, and sci- 
ence and engineering, perhaps graduate studies generally. 

To fiddle with an R&D credit to lose more money on that, given 
the perceived budget stringencies I think is the wrong way to go. 

Thank you, Mr. Chairman. 

[The prepared statement of Dr. Eisner follows:] 
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T«x Crftdici and Och«r Measures Co Supporc Research and Tecb*t^logy 



Robart Eisnar* 



A few years ago I characcerized the R&D cax crcdic chon scheduled to expire 

at the end of 1985 as a monstroslcy costing the U.S. Treasury some $1.5 billion 

per year with no cJear payoff. Current proposals for a new credit beginning in 

*t 

1990 offer major ivproveaent over previous versions. SerlovLS doubts rexaaln that 
any roch credit is wise public policy. 

The existing credit, as pointed out originally by Eisner, Albert and 
Sullivan ("The New Increaental Tax Credit for R&D: Incentive or Disincentive?*, 
National Tax Journal. Juno 1984) had a number of perverse features. The aost 
seriotis of these, a base which novs on the basis of the conpany's own 
•xpenditures, is elininated in current proposals. The new versions of the base, 
however, are defective in a nuober of respects and other deficiencies reoain. 

By tying novements of the base to an aggregative indicator not 
significantly affected by the firm's own R&D expendlturej, current proposals 
avoid the future penally which largely vitiates any incentives to Increase R&D 
and in soae cases actxxally makes it desirable to reduce R&D spending. The 
noisinal 20 percent credit for those conpunles who take advantage of it under 
current proposals would, except for the disallowance of deductions, be an 
effective 20 percent, compared to some percent under existing law. 

Offering an alternative 7 percent credit over a 75 percent base, apparently 
in the interest of spreading the tax benefits to a larger group of firns, to a 
considerable e^'tent, though, wipes out this added incentive. Rational firms 



*Uilllaa a. Xanan Profascor of Zcono>aics, Northwestern University, and 
pist Presiderc of the Aaerlcsn Econoaic Association. 
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should calculmta that unless their expenditures are and can be expected to be 
at least 13 percent over base, they will do better to opt for the 7 percent 
credit. Such flms would enjoy tax savings with very little Incentive to Increase 
their R&D expenditures. 

The Office of Tax Analysis estimates that only SS percent of expenditures 
would prove subject to the 20 percent credit, 25 percent .vould fall In the 7 
percent category and 20 percent prove subject to no credit, it would appear 
probable that the desire to alnlmlze uncertainty as to the benefits would In fact 
Increase the 7 percent group at the expense of the 20 percenters. 

Incentives are further lost for finas subject to the 50 percent base 
llnltatlon. These firms In effect receive only a 10 percent credit on Increases 
In expenditures beyond the point where the lialtatlon applies. They woald indeed 
do well to XJiiiucfi their planned R&D spending, delaying Increases until periods 
in w*.: h they will not fall afoul of the lialtatlon. 

Use of a credit rsther than an outright subsidy also means that there Is 
no Incentive at all, except for carry- forward provisions where they prove 
relevant, for firas without tax liabilities. This may apply particularly to 
Innovative new firms where help would be most slgt If leant. And while the 1986 
tax reform should have reduced this category, therf may well remain substantial 
flms with 80 much in the way of other tax advantages that they have little or 
no tax liabilities against which to offset the credit. Final' y firms below 75 
percent of base, that do not foresee the possibility of rising above that point, 
have no incentive to increase R&D spending or even to maintain their current 
rates . 

An optimal credit or subsidy from th p^inr of view of increasing R&D 
spending is one that maximizes rhe bang for the buck, one that minimizes Treasury 




153 



3 

loss of tex revtnua vhlle offering the greatest Incentive to f iros to alter tholr 
behavior. The object Is not to nake recipient flnas richer at the public expense 
but to Bake thea do soa«thlng they would not do otherwise. Ideally, for each flra 
the ■•base" would then be just the expenditures it would have undertaken without 
any credit. 

In novlitg the base with the flm's cwn expend ltures,*f current Uw alas at 
that Ideal but, as Is now widely tinderstood, Incentives are vitiated by the 
recognition that with this provision current crodlts reduce future credits. 
Moving the base on the basla of an aggregative ueasure reooves that difficulty 
at the cost of dlvergenci* of the base over tine froa the Ideal that would avoid 
giving firas credits for expenditures they would h&ve undertaken anyway, without 
the tax beneflta. The GNP growth measure for adjusting coiroany bases. In current 
proposals, can be laproved upon. 

I have suggested previously, and would -irgo again, that the adjustment ba 
nade on the basis of actual R&D expenditure of some aggregate large enough so 
that It would no^ be affected In any major way by the flro's own expenditures. 
This thsn Bight be the total of coapany-funded R&D expenditures as reported to 
the National Science Foundation or the expenditures reported to the Treasury. 
(There i, aoaa difficulty with the latter since f Iras not claiming the credit 
are not currently required to report.) Better still, each firm alght be asked 
to Indicate the Industry, more or Ush narrowly defined, to which the bulk of 
Its R&D expenditures apply. Its baso would then be adjusted annually In 
accordance with the previous growth of R&D spending In that Industry. By making 
use of tax-payer reporting, with the usual penalties for dishonesty, added 
adalnlstratlve burdens would be avoided 
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The question rea«ln«, oven wlch the best of Incb.itive scheaes, how ouch 
R&D spending will actually be Increased. Sober analysis of experience of other 
countries as well as our own is \>ot encouraging. As I pointed out In the article 
In laaufts in Science mnA Tac>^no]9gY attached as an appendix to this statrasnt. 
In other professional articles and In testlnony to the Ways and Heans Conalttee, 
the weight of the evlde?ice Is that R&D expenditures Increaand substantially less 
than the revenue lost by the Govemaont. 

Indeed, experience with our own Research and Experimentation Credit has 
by sliaple measure been most discouraging. As shown In Table 1, leal R&D sp-^ndlng 
grew at a 6.2 annual percent rate from 1975 to 1981. before the Institution of 
th^^ credit, «nd at only a 3.8 percent rate from 1981 to 1987 vlth the credit In 
effect. There may weJl have been other factors at work counteracting the gains 
that srme claim for the credit, but I have failed In more sophisticated analyals 
to £ind such gains. And of course, as pointed out, the current credit has been 
a particularly poor one. But with this record the burden of proof must suraly 
be on those who would claim that any credit would do much good In actually 
raising R&D spending. 

The central question, however, la whether any tax credit Is warranted. A 
basic general principle, which should not be violated without very good reason. 
Is that competitive business should be allowed to do what seems most profitable, 
with Its decisions undlstorted by government regulations or tax considerations. 
Put slnply, a free market has great advantages. The tax code then should not be 
cluttered with special provisions designed to induce firms to do for tax benefits 
what they do not see fit to do in the Interest of their own productivity, 
efficiency and profits. 
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Tho arsuMnt that R&D aptndlng is properly an oxceptton to the principles 
of free nerkeCj and tax neutrality i« that It has nuch of the quality of a public 
good. Since new dlacoverlea and resultant technological advances by one flra have 
benefits for others and the econoBsy aa a vhole, the lure of nerely ita own 
profits will not generate an optlnal anount of Investoent In R&0« 

The naln problem with that arg\ment. In the current :^natance, l« that It 
would appear to spply to basic research, considerably less to applied research 
and hardly at all to developoent of knowledge already In the ptibllc domain. But 
of the $55.5 billion of conpany- funded R&D reported by the NSF In 1987, only 
$2.1 bl-.ilon or 3.8 percent waa for basic research. Applied research comprised 
$X2.5 billion or 22.5 percent and development cane to $a0,9 billion or 73.7 
percent of the total. The University Basic Research Credit does little to alter 
this, as the 1987 figure for university reaearch using Industrial funds was only 
$481 million. It would appear then that the great bulk of the tax credits hdve 
been going to firms for expenditures the benefits of which redound overwhelmingly 
to themselves. They would have every reason to undertaken them to an optimal 
amount without extra tax Inducements. To the extent tax Incentives were effective 
In this case they would In fact be leading firms to apend more than optimal 
amounts on R&D, thus loading them to reduce their expenditures below optlnal 
amounts on other forms of Investment, such as In plant and equipment or In the 
human capital of a highly skilled labor force and management. 

I share the concern of many that lack of progress In science and technology 
Jepreaents a serious threat to our future well-being. I also believe that 
Investment to achieve auch progress does very largely have the quality of a 
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public good VArranting public support, the direction of that support, thought 

should be in b«sic research and in basic education and training. 

Our probleas are manifested early when American 13 -year* olds rank last in 

math and science scores on standardized tests taken by students in a nximber of 

countries of Europe, Asia atid North America. They shew up again in the extent 

to which our College and University students spend tiDe on subjects s -udents in 

"i 

other cotmtries have learned in secondary schools. And thoy show in declining 
rates of growth, particularly in the physical sciences and engineering, of the 
numbers of graduate students in doctoral -grsnting institutions. 

The one billion dollars or so of annual lost tax revenues envisaged in 
current R&D credit proposals an amount that would grow over time «• may not 
seem inordinately large in an era of trillion dollar budgets. I can think of many 
places, fhough, in which that billion could go much further in promoting science, 
research and technology. 

Take the matter of support for graduate training for example. In 1987 there 
were 285,200 full-time science and engineering graduate students, some 202,000 
excl\iding psychology and the social sciences, and 117,146 in engineering and 
physical, environmental, mathematical and computer sciences, alone. One billion 
dollars could fund 100,000 graduate students with annual fellowships of $10,000 
each. What might be the improvement in quantity and quality of scienti&cs and 
engineers from such funding? 

If ^te are looking for incentives, whst about the use of a billion dollars 
to induce elenentary and secondary schools to improve the quality of their 
teachers and teaching in math and science? Or what about increased direct 
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Coverrawnt spending for basic research or subsidization of Universities or other 
non-profit tnjtltutlons in that research? 

One nay conjecture that public spending of this kind would in the long 
run do more to Increase R&D expenditures, and Increase them In a productive 
Banner, than any of the proposed R&E tax credits. A highly skilled force of 
available scientists and engineers and solid foundations of basic research might 
aake R&D look much aore productive and profitable to flnas, Thoy would then 
undertake that spending on their own on the sound motivation of m&rkot forces 
rather than at the behest of the IRS. 
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TiO)!* 1: Co«p«r7- Funded Induacrial R&D Esp«ndlture» , 1975-88* 
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(2) 
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Average Annual Percent 






Rates of Growth 




Ye«r 


Current 


Constant 1982 


Years 


Current 


1982 




C^ollars^ 




Dolltrs 


Dollars 


1975 


15,582 


26,272 


1975-77 


XI, 4^ 


4.6% 


1976 


17,436 


27,645 


1977-80'f 


16.4% 


7.3% 


1977 


19,340 


28,746 


1980-83 


12.0% 


5.1% 


1978 


22,115 


30,672 


1983-86 


7,2% 


4.0% 


1979 


25,708 


32,720 


1983-87 


6.7% 


3.4% 


1980 


30,476 


35,553 


1975-80 


14.4% 


6.2% 








1980-87 


8.9% 


4.1% 


1981 


35,428 


37,705 








1982 


39.512 


39,512 


1975-81 


14.7% 


b.2% 


1983 


42,861 


41,268 


1981-87 


7.8% 


3.8% 


1984 


A8,308 


44,842 








1985 


51,439 


46.362 


1981-88 


7.6% 


3.7% 


1986 


52,848 


46,386 






1987 


55,500 


47,166 








1988, 


59,100 


48,550 








Projected 











Source: National Science Foundation, National Pattema of R & D Resources . 
1989. 

^GNP iBpllclt price deflators used to convert curr» At dollars to 1982 dollars. 
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Tax Credits snd Other Hetsures to Support Research Axld Tecbnolo^ 



Prepared Statement of Robert Eisner 



Appendix. ''The R&D Tax Credit: A Flaved Tool** 
From Issuca in Science and Technology . 
Voliiae 1, Kuaber 4, 1985. 
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THE R&D TAX CREDIT: 
A jElawed Tool 



Robert Eisner 



PROIvOGUE: Firu g irrefutable evidence that the R&D tax credit is an ef- 
fective device to si ulcie corporate spending on R&D has proved difficult. 
Total corporate R&D expenditures have increased since the credit h«j en* 
acted, but they wvre rising at an even faster rate before the credit became 
available Other incentives to raise R&D spending are also at work, and it is 
not easy to gather valid data on what motivates corporate managers. 

Critics say that the credit works unevenly, benefiting only those compa- 
nies that pay co/porate taxes and offering little incentive to start*up firms or 
older smokestack industries, even though the credit can be carried forward 
for up to 15 years to reduce the tax bite on future profits. 

Here, economist Ro^ Eisner examines the evidence ana finds the 
R&D tax credit seriously flawed On purely analytical grounds, he argues, 
the current credit will have limited positive effects and may in some in* 
stances even have perverse effects. But even if the defects in the current law 
were ivrrected. Eisner says, it is questionable whether government ^orts to 
promote R&D spending by private firms are appropriate m a competitive, 
free-market system 

Robert Eisner received his BSS. degree from City College of New 
York in 1940, his M.A from Columbia University in J 942, and his Ph D 
from Johns Hopkins m 195 J A fellow of the American Academy of Arts and 
Sciences and of the Econometric Society, he is the IVilliam R. Kenan Pro- 
fessor of Economics at ^Northwestern University He is the author of Factors 
in Business Investment (1978) and has written extensively on issues ofmon* 
etary and fiscal policy, unemployment, and economic growth 
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The current tax 
credit for research 
and development has 
proved something of a 
monstrosity. 



The road to hcli, it is said, is paved with good intentions I am not about 
to argue that the R&D tax credit, euphemistically labeled "R&E" for 
"research and expenmcntaiion." will in jtself lead the nation to doom. 
But It has proved to be a misguided step in an uncertain direction. 
The argument for government support of R&D m a fi^c enterprise 
economy is simple. To the extent that benefits of research flow outsjde 
of firms undertaking it, each individual company is likely to underinvcst, 
undertaking only those expenditures for which its own likely benefits exceed 
its costs. But accept* ^ the principle — as I do— that government policy shouW 
encourage more research does not answer '.he question of how that should be 
done. Ttie current tax credit for research and development, scheduled to 
expire ^t the end of 1985, has proved something of a monstro^ty, costing the 
ll.S. Trc*. jry some S 1.5 billion per year with no clear payoff. It has been an 
expensive expcnmcnt. 



Under the current law businesses are offered a tax incentive to increase 
R&D. Speafically. they are allowxxl a crcJit against tax liabilities equal to 25 
percent of the excess of qualified R&D expenditures over their "base," now 
defined as the greater of ( I ) the average of their expenditures over the three 
previous >ears, or (2) half of cumeni expenditures. If the firm cannot currently 
use the tax credit because it has insuffiaent tax liabilities, or none at all. it can 
cany unused credits back S years and forward 15 years. 

On purely analytical grounds the potential of the current credit can be 
shown to be substantially limited First, it clearly offers no tax benefit and no 
iiicrntivc to firms whose R&D is below the base established by previous R&D 
expenditures. In fact, such firms will rationally reduce their current R&D 
spenuing in the expectation that by lowering their future base th*** will enjoy a 
tax benefit later. 

Second, those firms that were already planning to i icrcasc R&D spend- 
ing by more than 100 percent of their base will actually enjoy a credit 
on any additional R&D spcndmg of only 12.5 percent rather than the nom- 
inal 25 percent For ^uch firms the base will be 50 percent of current 
expenditures, and each additional dollar of R&D spending, because it in- 
creases the base by 50 cents, will increase the excess over base by only 50 cents. 
The credit of 25 percent, applied to this 50 cent excess, will thus amount to 
only 12.5 cents. 

For these firms too. then, the presumed tax incentive for R&D is actually 
perverse. They would be better off reducing their spending to a level that 
constitutes no more than a 100 percent increase over the average of their 
previous spending. They would be -osing only 12.5 cents per dollar of reduced 
R&D spending in terms of current taxes, but could expect to gain 25 cents in 
future tax benefits by lowenng their base. 

Third, many firms, especially in the rapidly growing high-tech field, have 
no tax liabilities against which to apply the credit. Unless they have had such 
liabilities over the past three years, which is particularly unlikely for new 
firms, ihe> gam nothing from the carryback provision. And since, as wc shall 
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sec, the benefit of the tax credit i$ in the present value of postponing taxes, 
they are likely to perceive htlle gain from the carryforward provisiorj, and ho 
^n at all if lax habililics arc not anticipated over the next three years. 

A fourth and overwhelming problem with the current credit is the 
calculation of a base that adjusts with the firm's own previous expenditures. 
This x-asily reduces the incenUve effects of the credit, and thisdefect would be- 
come cntical if the credit were made permanent. Firm; would then reckon 
that any increase in current R&D expenditures would raise the base to be 
subtracted in calculating the credit lor future expenditures. Firms with 
generally increasing R&D expenditures (whether real increases or increases 
due to inflation) would not obtain the benefit of a reduction in taxe> but only 
the benefit of postponing them over a three-year pcnod. 

For example, a S 1 2 increase in R&D spending would reduce taxes by $3 
in the current >ear, bul it would raise the biisc by $4 and raise taxes by $ ! in 
each of the succeeding three years. Except for the fact that time is money, and 
it is better to pay taxes later than to pay them now, the firm would have no 
benefit at all. 

Since time is money, we should indeed calculate the difference betwren 
the $3 current tax saving and the present value of the increased tax of $i in 
each of the next three years. At a !0 percent rate of discount (reasonable with 
current interest rates), that present value becomes $2.49, thereby wiping out 
all but 51 cents of the original $3 gain. Thus, the nominal tax credit of 25 per- 
cent translates into a gain of 5 1 cents on $ 12 in R&D expenditures, or an ef- 
fective tax credit of only 4.3 percent 

ftiradoxically, firms would have a much greater incentive to increase 
R&D if they did not expect the credit to last. If Congress were to make it clear 
that the current credit would not be extended beyond 1985, the effective credit 
would be the full 25 percent, because increasing current expenditures would 
bring no offset of a reduced credit and higher taxes in the future. 

An analysis of speaal tabulau'ons of 1981 tax returns prepared for me by 
the Office of Tax Analysis of the Treasury, as well as other data, indicate that 
there is real substance to these analytical perversities. 

First, as against a **tentative credit" of $872 million (for the half year of 
1981 that the credit was in effect), the credit actually claimed was only $630 
million, indicating a shortfall of 28 percent due to lack of current tax 
liabilities. Of$l3.4 billion of reported qualified R&D expenditures, as shown 
in Table I, only $9.2 billion, or 68.6 percent, were incurred by firms with 
sufficient tax liabilities to claim all of their potenUal 1981 credit. 

Second, the proportion of qualified R&D by firms that reported R&D up 
by more than ICO percent, so xhat their nominal marginal credit was cut in 
half, came to 9.2 percent. Of the $9.2 billion of R&D on wluch a credit was 
claimed, $0.7 billion was spent by firms with R&D spending increases of more 
than 100 percent Thus, only 63.2 percent of total qualified R&D cxpendi- 
turcs ($8.5 bilhcn out of $13.4 billion) were incurred by firms with tax 
liabilities against which they could claim the full credit. Aad this does not take 
into aount some 6 percent of expenditures by firms who would not have 
sow credit because their 1981 expcndimres were below their base. 
. ..icr count against the current R&D tax credit is that it is procyclical. 
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R&D expenditures, like all oihcr expenditures, tend to slacken dunng reces- 
sions Since the crxxlit is tied to the rate of gro'vth of R&D expenditures, n is 
particularly sensitive to such slackening A .icchnc in rate of growth from, sav, 
12 percent to 6 percent would cut the crcd. in half Further, since more firms 
suffer losses in a recession, tax liabiliucs against which ihe credit ccn be 
claimed arc reduced. Our examination ol Standard and Poor's Compustat 
data revealed that in the recession year of 1982 the proportion of R&D 
expenditures undertaken by firms wiih tax liabilities and expenditures above 
base was down to 52.7 percent. On both counts, therefore, the R&D tax credit 
tends to be lower in a recession, when tax ifducuons would appcjr particu- 
larly desirable to stimulate ihe economy, and higher in booms, when a tighter 
tax policy might appear useful to prevent inflationary excesses Indeed, since 



TABLE 1 

R&D EXPENDITURES. 
1977-80 CPRE-CREDIT) 
AND 1981-84 [CREDIT) 
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COMPANY FxINOS for R&O 


RATES OF GROWTH 
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1972 


Current 
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DoBafS 






DoRafS 






(MrfJrons) 


(Percent) 




1977 


St9.340 


513809 


109% 


A?\ 


-^76 


22.115 


M.702 


143 


65 


1979 


25 708 


15711 


162 


70 


I9d0 


30.476 


17.031 


185 


86 


1977 to 1980 










Per Annum OfWrth 






16 4X 


7 3% 


1981 


S3S.426 


S1P'.12 


16 2% 


60% 


1962 


39.512 


19053 


11 5 


52 


1963 


42,600 


19,733 


78 


36 


1964. Projocled 


477»2 


21359 


120 


3 1 


1980 to 1983 










Per Anrmm Growth 






116% 


5 0% 


: 330 10 1984 Pfojocted 










Per Anrum Growth 






im 


5 7% 



Source mtionai Science Foundabon ResMrch arxJ Oc/o!opmenl irxJustry 1983 'onhcomt/ig 
fUiesotsrowthandcoovcrzionotc'jrrBntcfoltarsto 1972 dollars (using GNP impiaf pnce \ 
denatots) pmwded by the author Pro/ecfion fo/- i984fromthe 12 percent mcfoase over 1983 j 
//)tfc«/edfn Science Resources Studies H^ghJ-ghK NSFd4'3?9 Octot>erl5 1984 j 



the credit relates to increases in nominal R&D expenditures, inflation serves 
to increase the credit and reduce taxes, "igam the opposite of what would be m- 
dicated by appropnatc countcrcyclicil policy. 

Hi 

It IS easy naive or biased investigators to claim that the tax credit has 
contnbutcd to growth in R&D. for company-funded R&D has been growing. 
The rates ofgrowth, however, have been deciming I hey were 16 2 percent m 
1981. the first year (or half-year) of ihe credit. 1 1.5 percent m 1982. and 7 8 
percent in 1983. to a total of $42 6 billion in that year, as shown in Table I 
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The rates of growth were generally higher, ai d nsing, before the tax crrdit was 
instituted: 14.3 percent in 1978. 16.2 percent m (979. and 18.5 percent in 
1980. With adjustment for inflation, the rates of growth for the ihnx years 
preceding the crcait were 6.5 percent. 7.0 percent, and 8.6 pe.-rxnt. With the 
credit, from 1981 to 1983. real rates of growth were 6.0 percent. 5.2 percent, 
nnd 3.6 percent The per annum real growth from 1977 to 1980 was 7.3 
percent, while from 1980 to 1983 it ».a$ only 5.0 percent. Inclusion of 
projected expendifircs for 1984 raises t le real post-tax credit growth rate to 
5.7 percent, but that is sull less than the rate of growih before the credit 
btt-ame effective. 

Sober analysis offers little, if any, hard evidence of much increase in real 
R&D spending as a consequence of the credit. The Division of Policy 



USABILITY 


QUALIFIED 
EXPENDITURES BASE 
mi 1980 


GROWTH 
OVtR 
BASE 




(MiiKXU ot OoSars) 


(Percent) 


Ful Use Of Credit 


S 9.221 S 6.576 


40 2% 


Partial 0 ZftfoUse 


4.220 J 006 


40 4 


Total 


13 440 9.583 


40 3 



tree L'S Treasury Office o/T»xAn&fysjs 



Research and Analysis of the National Science Foundation funded separate 
projects by Edwin Mansfield of the University of Penn - -a and by this 
author to evaluate the R&D tax credit shortly after h vas instituted.' 
Mansfield, a distinguished scholar in the area of technological change and 
innovation, concluded on the basis of surveys and other analysis: "In ail 
countncs we studied, R&D tax credits and allowances appear to have had 
only a modest effect on R&D expenditures. In the United States, Canada, and 
Swtden, the results arc quite similar, each of these R&D tax incentives h^^ving 
increased R&D expenditures by about one percent ... Inallofthesenatmns, 
the increased R&D expenditures due to the tax incentives seem to be 

Substantially less than the revenue lost by the government In each 

country, there was sul>stantiLl evidence that these tax incentives resulted in a 
considerable redefinition of activities as R&D, particularly in the firsj few 
years after the introduction of the tax incentive."^ 

My own work, which is still proceeding, has failed to uncover any clear 
evidence that the tax credit has increased R&D spending One test I applied, 
for example, was to check in Office of Tax Analysis data to determine whether 
fims that co'jid use the credit to full odva* tagc— essentially those with 
sulficient current tax liabilities against which the credit could be claimed— 
showed a higher rate of growth of R&D spending than those that did not have 
such current liabiiitics. The rates of growth, as shown in Table 2. were 
indistinguishable. 



TABLE 2 

QUALIFIED RESEARCH 
AND 

EXPERIMENTATION 
EXPENDITURES 
BY USABILITY OF 
CREDIl. 1981 
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The initial surge in 
claims for tke tax 
credit offers 
embarrassing 
evidence of 
considerable ^'creative 
accounting,** 



Another test of whether »he R&D tax credii was having any effect was to 
compare differences in R&D spending for Brms that would have been above 
and below base for the years 1976 to 1980, before the tax credit went into ef- 
feet, and the ycare 1981 and 1982, wiien the credit was opcraUve. In the later 
years an effective tax credit should have increased expenditures for firms over 
base and, if anything, reduced them for tirms belr base. Thus, if the credit 
was effective it should have increased the growth of R&D spending where a 
was growing and perhaps decreased it further where it was falling. But using 
this test, there is no evidence that the inaimenlal tax credit had an effect. The 
differences bctwwn the mean excess of R&D over base and the mean shortfall 
of R&D bclo.v base, as percentages of previous R&D, turned out to be no 
greater, and indeed scmcwhat smaller, in 1 98 1 and 1982 than in Ibt five years 
before 1981.' 

Furtiier evidence comes from a 1984 interview survey conducted by *Jie 
Industry Studies Group, Division of Saence Resources Studies, of the 
National Science Foundation. Only 33 percent of the surveyed companies, 
accounting for 22 percent of total company-funded research and develop, 
ment, stata! that they were increasing R&D ex^. inditurcs as a result of the tax 
credit.* This would hardly seem impressive in .cw of the possibility that even 
the 22 percent may ? an upwardly biased measure, because self-intciesied 
respondents would be more likely to evaluate the impact of tax benefits 
favorably, 

That firms, at least initially, claimed substantial increases in R&D for tax 
purposes is dear. The initial surge in claims for the credit offers embamssing 
evidence of considerable "creauve accounung." Thus, Office of Tax Analysis 
data indicate, as shown in Table I, that qualified R&D sp iding reported by 
taxpayers increased by 40.3 percent in the latter half of 1981 over its 1980 
base. Vet National Science Foundation data show total company funds for 
R&D growing by only 16.2 percent from 1980 to 198 1, while the Compustat 
data indicate a 14.1 percent overall increase. If the firms included in the 
Compustat are limited to those with positive R&D growth to make them 
comparable to the Office of Tax Analysis sample, we still get a growth over 
base of only 2 1 percent, roughly half of what the firms claimed when they filed 
with the Internal Revenue Service. Tlirrc is dearly a strong implication that 
many taxpayers classified as research and development expenditures, in « 98 1 , 
activities that they did not include in calculating their 198C base. Analysis of 
McGraw-Hill survey data collected on our behalf makes it dear that firms did 
indeed increase their reports of R&D elisible for the tax credit by more than 
the increases in total R&D. 



IV 

Some of the problems with the current tax credit are addressed in 
proposals for its extension by the U.S Treasury and the Senate. In particular, 
there IS some effort to nanx)w the definition of research and expen mentation. 
This might reduce the amount of credit claimed for expenditures that have 
httlp or nothing to do with technological innovation. The Treasury has also 
suggested the possibility of indexing base penod research expenses to the 



15St)ES IN SCIENCE *N0 TCCHNO* OOY 



ERIC 



169 



166 



R&D TAX CREDITS A FLAWED TOOL 



general level of prices, so that the credit would relate to real increases m R&D 
expenditures and not those stemming from inflation. At the nsk of proving a 
devil's advocate, I would propose adding several other amendments. 

First, the 100 pe/cent growth limitation, which reduces the nommal 
credit to 1 2.5 percent for firms increasing their R&D spending most rapidly, 
should be eliminated. While the limitation does not apparently affect a large 
proportion of R&D, its negative incentive effects are considerable where it 
does come into play. 

Second, the credit should be made refundable or converted into a direct 
subsidy. Aside from being aboveboard and allowing Congress and the public 
to sec clearly what government encouragement of R&D is costing, a dirtct 
subsidy would exempt government support from the sometimes capndous 
effects of a tax system already saddled with numerous "incentives** that have 
less charitably been dubbed loopholes. Oeariy, the current tax credit discrimi- 
nates against firms that lack tax liabilities because they are chronically 
unprofitable, because they are still new and growing rapidly, or because of 
substantial indulgence in other tax-reduang activities. 

Third, and r'>st important, while retaining the incremental nature of the 
credit— which may in principle allow it to have a greater "bang for the 
buck"— we should eliminate the company-specific definition of the base. It is 
thid feature that results in losses m future credits equal to the amounts gained 
in current credits and that thus may actually encourage some firms to reduce 
their R&D expenditures. 

This provision could be changed by superimposing upon an initial 
company-spccific base— say, the average :>f 1982, 1983, and 1984 qualified 
R&D expenditures— an adjustment, year by year, calculated from industry or 
national movements in R&D. Thus, if a firm were in an industry where R&D 
in 1985 grew by 10 percent, its base for calculating its tax credit for 1986 
would be raised by 10 percent from its 1982-1984 average. Fhe firm would 
then know that an increase in its current R&D expenditures m 1985 would 
contribute to raising the base and reducing future credits for all firms m the in- 
dustry but would have a trivial effect m raising its own base and reducing its 
own future credits (The industry should of course, be defined sufficiently 
broadly so that no one fim. would have a substantial effect on the base.) 
Having the base depend upon industry behavior rather than the company's 
own actions would achieve maximum incentive impact with minimal Trea- 
sury tax loss. 



Even if the critical defects in the current law can be corrected, why should 
there be any tax credit or subsidy for the R&D expenditures of profit-seeking 
pn\'atc firms? In general, a free-market system means a minimum of govern- 
ment intervention. As the Treasury has now recognized explicitly in its recent 
tax reforir proposals, s argues against tax subsidies or incentives for 
business investment in general. In pnnciple, business will invest in what it 
finds profitable. Companies should not be offered special tax advantage* to 
in\iest m what othei-wisc does not appear profitable. 
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As I stated at the outset. R&D is admittedly another matter, to the extent 
that there arc unusual positive "extemajities"— that is, benefits that extend 
beyond the direct partiapanls in economic transactions, TT^t this is true for 
basic rcscjuch is clear. It mav also be tnic for applied research m those cases 
when the froits in terms of industnal development and ultimate profit are a 
long way off. 

But of some $42.6 billion in total company.funded R&D expenditures m 
1S33. according to National Science Foundation data» less than Si 7 billion 
went to basic research and only $1 1.2 billion to applied research.* Fully $29.8 
billion fell m the category of "development," which in many if not most 
instances relates to converting research findings into profitable products. 
Should not such expenditures be left to the market test of profitability? 

With regard to basic and applied research, where externalities may lead 
us to expect less than opumum pnvate support, why not look to public 
support of nonprofit universities and research insututcs or to direct govern- 
ment action? Much current rcsearcl; in agnculture, defense, and the basic 
sciences is, aftei all, not done by private business. 

Nonbusiness, nondefensc research, which enjoys little of the lure or 
sustenance of pnvate profits, cncs out for additional support. If wc are to 
encourage rese?vch and expcrimenU»tion— and we probably should— it is 
there that public funds are needed. Private business should be left free to 
concentrate on R&D spending that seems profitable without receiving speaal 
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Robrrt Etsner nphes: 

(d my tnidc I decUred tlui the 
cvntnt ux cre<iit for research and 
development **hAs proved some^ 
thmg of a motmrosity, cotting the 
i;^ TVeasory some $1.5 biUioo per 
year with no dear payoft** I stand by 
tbaistaiemettL 

H Peter Boer is correct ia stating 
that many ftctors bev on levels of 
R&D expenditures. As I pointed out 
in my article, there is httle or no 
evidence that the tax credit has teen 
slgni&csnL 

Boer assens that the real rate of 
growth in business spending 
was S percent in 1984. But it was 
down to 3.6 percent in 1983. If busi- 
ness dedsionnukers were paying at* 
teniK^n to the credit, they might well 
have held down R&D expenditures 
in earlier years to o^ a lower base 
for cUuming a tax credit bter. In any 
cveni ihc per annum real growth 
Over the four ■ ^mrs prior to the cnaa- 
meni of ihe tax aidit was 7.3 per- 
cent, while growth over all of the 
years since the credit was enacted 
was on the order of 5.7 percent 

Boec's claim that in his own firm 
the R&D tax credit has been stgnifi- 
cam is strange, since W. R. Grace & 
Company has paid vutuaHy no fed- 
eral income taxes in recent years. lu 
pfovisjon for federal income taxes in 
i 982 wu only $13 million, less than 
one perco*: of pr^^ax profits. O'er 
ihe three years from 1982 to 1984, iu 
federal income t«c$ to'isljd $19.5 
million, only 15 percent of prMax 
Profits. And at that, according to its 
aftnual report the company sold var- 
ious tax credits, totahng $53.2 mil- 
lion, which it could not use. 

The **colleagues in other firms" to 
whom Boer spoke must have been 
cither atypical or dissembling. The 
N'auonal Science Foundation inters 
views, which I died, found that only 
22 percent of total company-funded 
R&D was undertaken in firms which 

IMS 



reported that they increased R&D 
spending as a result of the tax credit 

While the nature of the R&D tax 
credit is such that there was little 
reason to expect it to make much 
difierence in R&D spending, and 
ndther I nor other sober investiga- 
tors could find much evidence that it 
did, I did not iay that "tax subsidies 
make no difference.** Business will 
invest in I it finds s^rofiuUe after 
taxes. I argued that Congress should 
not gtner^ distort business ded- 
sions to make otherwise inefikieat 
investment profitable on the basis of 
tax con^ldoations. That argument 
would apply to a replacement of the 
current (^ective credit with somo* 
thing that really did increase busi- 
ness R&D spencing. 

The &ct IS that peering through 
the '^Statistical microscope.** which 
Kenneth M Brown ascribes to mc, 
did not reveal any dear evidence 
that the credit w^ effective. I can 
now add to the rep> in my aniclc 
new Ofike of Tax Analysis data for 
1982. They show that firms able to 
use the credit increased R&D spend- 
in5 in 1982 by 35.8 percent over 
base. Companies wtose lack of tax 
liabihti^» prevented ihem f^m tak- 
ing advantage of the credit increased 
R&D spending by 3^1 percent over 
base. I don't know what microscope 
could read into those data evidence 
that the tax credit was effective. 

I have not, as Brown suggests, ad- 
vocated government grants to pri- 
vate companies for commerda! 
R&D. As to the "thousands of inno- 
vative small firms that use the tax 
credit,'* Over 80 percent of company- 
funded R&D in 1982 w«s done by 
firms with more than $100 million in 
net sales. Fifteen companies, in fact, 
accounted for about half of all busi- 
ness R&D spending in 1984. IBM 
and General Motors, at the top of the 
list certainly undertook their R&D 
spending for underlying competitive 
reasons, and that was as it should be. 



I agree fully with Kenneth 
McLennan that "A more neutral, 
broad based, low rate tax system 
would encourage investment to flow 
toward its most productive use.** 
With tax reform again in the air, ihi« 
is hardly the time to nuike it less 
neutral with a new •'permanent** 
R&D tax credit 

PEER REVIEW AND THE 
PUBUC INTEREST 



The emergence of "scientific portc 
barreiing** is an indication that peer 
review as it presently ooeraies is not 
a wholly adequate means to deter- 
mine prion ties for the allocation of 
government ^search flinds. While 
peer review is 'jguably the most ef- 
fective means or the useful alloca- 
tion of research funding within 
diJdp,jies and over the shon term, 
it haa dcfidcndes as a proc«j for 
determining broad and long-term 
sdcnce polidcs. 

Peer review tends to perpetuate 
the status qtio as regards scientific 
institutions, programs, and concepts* 
Thl« tendency is accentuated aa 
finding becomes more limited. With 
the passsge of time, pre-existing 
finding patterns become firmly 
fixed withm established research in- 
stitutions and within the scientific 
enterprise as a whole in the absence 
of the fomution of new institutions. 
Existing distributions of funding be- 
come accepted as the normal pat- 
tern, sanctified by ctisiom. 
Circumventing peer review by '*pork 
barrel** recourse to the poliucal pro- 
cess is a sisn of desperation and 
su' iy not the best way lo remedy 
' -e defictendet New mechanismj> 
and processes are needed to: 

1) Systematically set aside a por. 
tion of research fimds for the support 
of novel, if risky, concepts. 

2) Systematically bnng additional 
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Mr. Hayes. Thank you very much. I suppose that's what the 
clash between you and the gentleman to your left is. Let's think of 
it as a sophisticated Morton Downey, Jr. prof?ram as we go along 
with the rest of our panel. 

Dr. Womack? 

STATEMENT OF E. ALLEN WOMACK, JR., virR PRESIDENT OF RE- 
SEARCH AND DEVELOPMENT DIVISION, BABCOCK & WILCOX, 
ALLIANCK, OHIO 

Dr. Womack. Thank you, Mr. Chairman. My name is Allen 
Womack. I am Vice President for the Research and Development 
and Contract Research Divisions of Babcock and Wilcox, which is a 
unit of McDermott International. 

I am also currently serving as Chairman of the Federal Science 
and Technolog>^ Committee of the Industrial Research Institute, 
which is a private national organization of managers of industrial 
R&D for over 250 of the major corporations in the United States. 
All of these corporations carry out continuing programs in indus- 
trial research, and I am a working R&D laboratory executive. 

Dr. Lawrence and Professor Eisner have already spoken elo- 
quently on R&D tax policy, and I have had the opportunity to see 
Mr Eizenstat's remarks in draft and find myself in broad agree- 
ment with him. 

Rather than attempting to dwell on the details of this subject in 
which I am not expert, I would offer you a couple of remarks which 
I find interestingly apropos to the discussion which took place after 
your last panel. 

You are all well aware of the problems that we 'ace in interna- 
tional competitiveness, watching international competitors produce 
less expensive higher quality goods and take over the lion^s share 
of our market. 

The reasons for this situation, of course, are fairly complex. 
There does seem to be a consensus that something has changed in 
our ability to convert good science to good products and sell them. 
The United States still is producing good science, although we have 
no reason to be complacent about that. 

Somehow, however, the clutch seems to be slipping between the 
engine and the drive wheels, the engine of science and the drive 
wheels of the economy. 

WeVe watxihed our competitors from abroad take developments 
and innovations of U.S. science and make large, successful and 
profitable industries out of them, producing gocxis which are sold 
back to us here. 

We in industry have a lot to do with solving tha^ problem. In 
fact, I believe it is and should remain primarily our responsibility 
within the private enterprise system. We have to work on such 
issues as being more global in our thinking, putting more effort 
into learning good ideas, making better use of the universities, fed- 
eral laboratories and other private industrial organizations, and we 
simply need to v/ork harder and smarter in an increasingly com- 
petitive environment. 

We need to abate our preoccupation with short-term games that 
can be had with mergers, acquisitions and organizational restruc- 
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turing and put more emphasis on fundamental productivity and 
the ability to produce higher quality goods and services it lower 
costs or as Dr. Caulder said earlier, "making products instead of 
making aeals. 

Clearly, I believe that private industry's actions have to be at the 
heart of the solution to this crisis, but I believe equally that the 
Federal and state governments have an essential and enabling role 
to play in encouraging and catalyzing the right actions within the 
private sector. 

Of course, we have to recognize that the spirit of free enterprise 
and entrepreneurialism is still very much alive in the United 
btates industry, and every day thousands of managers and business 
leaders go to work determined to produce more goods which are at- 
tractive to the marketplace. 

However, we've already noted that the front end of the technolo- 
gy production process basic science still seems to be in reasonably 
good shape, although there has been some discussioii, pro and con 
on that this morning. But between those inventing and those sell- 
ing lies a process of development and marketing which requires 
risk, and investment. 

Our successful international competitors appear to have capital 
costs for investments of this type which are but a fraction of the 
costs of the investment in the United States. So long as this condi- 
tion exists, the level of the activity and the technology to market 
phase of the American economy will be restrained. 

I believe that the first order of business to correct this broad 
problem is to take those steps which serve to reduce the imbalance 
in the cost of capital for the investment in new technology, new 
products, and productivity. That means coordinated and serious ac- 
tions by the Federal Government which encourage private invest- 
ment as much as they now encourage consumption and increase 
the pnvate savings rate in the economy. An R&D tax credit is a 
single action which should be consistent with the foregoing recom- 
mendation. 

The Subcommittee asked for suggestions on improving the cur- 
rent credit. The effectiveness of the present structure could be sub- 
stantially improved. The two previous speakers have already 
spoken to many of the points that I make in my written remarks 
points such as the %ct that the credit lacks certainty and consist- 
ency, the credit was provided a limited life, its life has been ex- 
tended several times for short periods. 

Also, we note that the rules are regularly amended to reduce the 
amount of the benefit. Unfortunately, this is a product of the cur- 
rent tax environment. What is an incentive one year is a tax avoid- 
ance scheme the next. 

The above drawbacks can be corrected by establishing a perma- 
nent credit that would be available to corporations that maintain a 
consistently high level of R&D. 

An alternative would be to provide credits to corporations to the 
extent their R&D expense exceeds a certain percentage of sales. 
1 he different R&D requirements of each industry would be recog- 
nized by using the industry average as a base. Credit would be 
earned on the R&D performed in excess of this base ration, and 
this way a corporation would not be penalized for maintaining a 
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high level of activity and the base could be adjusted at frequent, 
determined intervals. 

But beyond the R&D credit I think it is essential to deal with 
capital availability by adopting a reduction in the cost of capital 
and the encouragement of private savings as a broad objective of 
the Federal tax and spending policy, and taking the hard actions 
necessary to bring about the desired results. 

Since I am neither an economist nor a legislator, I will not at- 
tempt to prescribe a detailed program for this. The specific recom- 
mendations of the Council on Competitiveness, the writings of Pres- 
idential Advisor Boskind and the work of the American Council of 
Capital Formation and others appear to me to offer reasonable spe- 
cific steps. 

If that recommendation comes as no surprise to you, then I'm 
sure the second one won't either. We must improve the level of lit- 
eracy in science and technology among our young people. 

There is plenty of evidence that for the great majority of our 
school children, science and technology remain subjects to bo avoid- 
ed, mysteries unexplained, something that they can get by without, 
and if I may say so, a joy unperceived. 

It is not surprising that our post-graduate schools in science and 
technology are less and less hosts to American citizens and more 
and more are training the best and the brightest of the citizens of 
those countries which are our competitors in international trade. 

It is po wonder that we find increasing difficulty obtaining func- 
tionally literate workers and managers i^r operations requiring the 
level of technical skills needed in today's worM. It is no wonder 
that we find it increasingly difficult to reach political consensus on 
issues which involve complex technologies such as nuclear pov/er 
regulation, acid rain, and the like. 

It is time to recognize that the profession of educating our young 
people deserves dignity and compensation commensurate with its 
importance and its difficulty. 

Should Federal support of college and post-graduate education be 
restored at earlier levels? Most decidedly. But as with the R&D tax 
credit, this action alone will not be sufficient without primary at- 
tention to pre-college education. 

You requested thoughts on other cost-effective ways to stimulate 
R&D and its application in commerce. There are a number of areas 
in which the Federal Government can immediately and directly in- 
fluence private innovation. These include intellectual property law, 
antitrust legislation, and of course the Government's role as a pur- 
chaser of goods and services. 

I believe that pooling of talent and resources in intercompany 
and inter-institutional alliances is both efficient and necessary to 
address the problem of dwindling resource availability. The initia- 
tives of the Congress and the Department of Commerce to relax 
barriers to cooperation among industrial participants are encourag- 
ing and helpful, and I urge you to address all aspects of the anti- 
trust law in the context of today's global economy to assure at least 
that barriers to cooperation are removed where they are no longer 
necessary to protect adequate competition. 

1 ^^r 
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I am also encouraged by actions taken by the Congress to encour- 
age broader dissemination of ideas and technology created within 
Federal programs and Federal laboratories to private industry. 

Finally, let me close with a fev/ remarks on the Federal Govern- 
ment's role as a purchaser. This a source of immense power to ad- 
dress the problem before us. With all that pov/er, there will be a 
tendency to reach for quick solutions by att^mi^ting to pick out the 
winners among undeveloped technical ideas and providing them 
with funding to help commercialization. There are certainly a 
number of areas where this is a legitimate action. 

However, the market economy will ultimately choose from 
among the successful commercial products. It is for that reason 
that I have placed the operating environment of industry and at- 
tention to capital availability and education ahead of direct Gov- 
ernment program funding and priorities for Federal actions. 

Nonetheless, the recommendations in the National Academy of 
Sciences for the management of the Federal Science and Technolo- 
gy budget deserve to be implemented, and I hope that they will be. 
I sincerely hope that other cross-cutting actions include a careful 
look at Government purchasing policy in high technology efforts. 
You have already had a long discussion about that this morning 
with the representative of Apple Computer. 

It is discouraging to me in light of the seriousness of these dis- 
cussions to see even occasional Government purchasing decisions 
send U.S. tax dollars abroad for high technology services and prod- 
ucts when these dollars could be used to stimulate innovative 
action in U.S. companies. 

In the case of our foreign competitors, I rarely see that action on 
the part of their government. In fact, local content is usually a go/ 
no-go requirement for us to operate there. 

Viewing Government purchasing policy and actions in the light 
of the need to stimulate research and innovation should be a very 
cost effective and immediately helpful action. 

I appreciate the opportunity to address the Committee. I want to 
assure vou that the R&D managers in American industry are as 
earnestly concerned about this problem as you are. I hope that 
these observations will be of some help. 

Thank you. 

[The prepared statement of Dr. Womack follows:] 
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REMARKS BEFORE HOUSE SUBCOMMITTEE ON 
SCIENCE, RESEARCH AND TECHNOLOGY 

Stioulating investaent in Research and Development 
May 18, 1989 
by E. Allen Wonack, Jr., Vice President, 
Research and Development, Babcock & Hilcox 



Good coming, .^y name is Allen Hosack. I an vice president for the 
Research and Developraont and Contract Research Divisions of the 
Babcock and Wilcox company, a unit of McDenaott International. I am 
also currently chairman of the Federal Science and Technology 
Committee of the industrial Research Institute, a private national 
organization of managers of industrial research and development for 
over 250 of America's major corporations, all of which carry out 
continuing progrzuns in industrial research and development. I am a 
working r&d laboratory executive. 

Having given you all those credentials, i must insert the obligatory 
cautionary note that my perspective does not represent the result of 
a systematic policy formulation process within the organizations 
with which I associated. Rather it reflects a combination of my 
own experience and those which my colleagues have shared with me in 
the matters which are before you. 

I appreciate being included today on such an erudite panel and 
hasten to point out that the casual observer will have no difficulty 
picking out the non-expert among the four of us. Doctor Lawrence, 
Professor Eisner, and Mr. Eiscnstadt have spoken eloquently on r*d 
tax policy and its effects, so rather than attempting to dwell on 
the details of that subject, i would offer you first the context of 
a few more general thoughts on thb broad matter of concern of this 
committee and to many of us in United states industry. This is, of 
course, the apparent displaceme.it of United States industry by 
overseas competitors in the manufacture and supply of commercial 
goods employing high technology. 

You all know the story well. Once pre-eminent in bringing the 
fruits of science to market, we have watched as international 
competitors produced less expensive and higher quality goods in 
consumer electronics and other fields, and proceeded to take over 
the lion's share of oor own United States market, in many cases 
entirely driving out ignited States producers. Accompanying these 
synptoms ar*^ {.erceived slowdowns in U.S. productivity growth, a 
serious negative baxc^ce of trade, and other symptoms of a malaise 
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in the primacy of United States comnerce in the world economy which 
goes under the name of »'the U.S. competitiveness crisis." Jobs, 
profits, and national pride hnvfli gone overseas in largo sectors of 
our economy and it is high time that we act on the problem. 

As with most issues of large scale, the reasons for this situation 
are multiple and complex. There does appear, however, to be a 
consensus that something has changed in our ability to convert good 
science into good products end sell them. The U.S. is still 
producing good science, although we have no reason to bo complacent 
about this. Somehow, however, the clutch seems to be slipping 
between the engine of science and the drive wheels of the economy. 
Ii, fact, we watch our competitors from abroad take the developments 
and inventions of U.S. science and make large successful and 
profitable industries out of them, producing goods which are sold 
back to us here. As a uanager whose primary day-to-day 
responsibility is to convert scientific knowledge and results into 
successful business results, I have thought a lot about this and 
I've talked with many others who are in the same boat. 

We in industry have a lot to do to remedy this situation. In fact, 
I believe that it is and should remain prim arilv our responaibilitv 
within our private ent^ftr priae system , we zieed to work on such 
issues as being more global in our thinking and putting more effort 
into learning good ideas from beyond our own borders. We need to 
temper our independence and competitive spirit somewhat to make 
better use of our universities and federal laboratories and other 
private industrial organizations. We need to work harder and 
smarter in an increasingly competitive international environment. 
We need to abate our preoccupation with the short tern gains which 
can be had with mergers, acquisitions, and organizational 
restructuring, and put more emphasis on fundamental productivity and 
the ability to produce higher quality goods and services at lower 
cost. 

dearly, I believe private industry *s actions must be at the heart 
of a solution to this crisis. I believe equally that our federal 
and state aovernTOents hav e an essential and enabling role to plav i n 
encouraoino and catalyzi ng the right actions within the private 
sector. Just as taking these actions will require private industry 
to reexamine some of its basic cultural tendencies, the actions that 
I will call for below will require an unusual degree of coordination 
and cooperation within the federal gove rnm' nc 

First, we need to recognize that the spirit of free enterprise and 
and entrepreneurialism is still very much alive in United Stat-^s 
industry. Every day thousands of managers and business leaders go 
to work determined to produce more goods which are attractive to 
customers and to do a better job of bringing them to market, we 
hav^ already noted also that the front-end of the technology 
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production process, basic science, still seems to ba in reasonably 
good shape. Between those inventing and soiling lies a process of 
tochnology development and marketing which requires risk and 
investment. Investment is a coBpetitivo process. Each of us wants 
th«5 highest possible return for his savings. The amount of 
3;we»?tjnent capital which is available to fuel the research, 
development and application process is one of the factors which 
restricts the rate at which ioproveaer^^ are mad,, at which paw 
products are tried, at which new scieni^j is brought to bear on old 
processes and products. At soae point in deciding whether or not to 
iaprove a procesft, add a quality improving feature, or develop a 
novel prod :ct, each technical manager aad production manager, and 
marketing manager thinks seriously aliout ♦•^^e risk and return of the 
actions he is considering taking. The o *^, the capital investment 
which leust be nade, has to be weighed against the alternatives. If 
alternatives ex'isc which provide lower risk and higher short-tena 
returns, 'sany investments will not be made. 

Our succes<ifu? international competitors appear to have capital 
costs for inv stments of this type which are but a fraction of the 
costs of investment in the United Jtates. So long as this condition 
exists, the level of activity in the techno: ogy- to- market phase of 
the ' .erican economy will be restrained. I_ believa that the first 
order cf business to correct this broad problem is to tgke thcsa 
actions which reriucg the '.iabalance in the co;^t of capital for 
inyestnents in new technology, prgdn?' a- and productivity . 
This means coordinated and serious actions by the federal government 
which encourage investaent as much as they encourage consumption. 
Increasing the pr/ 'ate savings rate in the economy. This will 
require actively and aggressively lowering the level of federal de^Jt 
which now burdens our economy and which competes for invertoent 
dollars. Many private firms simply cannot afford to carry through 
expensive investment programs which take five years or more to 
recover their couts and begin paying back the capital investment 
which has been made. A competitor with a lower cost of capital can 
view this decision differently. A patient investment in his case nay 
not jeopardize the firms cash 

flow and place it at risk of takeover and acquisition. 

An rtd tax credit is a single action which should be con^dstent vith 
the foregoing reconaendation. The pubcomnittec asked for 
suggestions on improving the current credit. The effectiveness of 
the present structure could be substantially improved. The current 
credit roqulree an increase in research expenditures each year. 
This le unrealistic for many companies au their business is cyclical 
and cannot support constant annual increases in rid expenditures. 
Thus, the credit may only provide a.i incentive for a few years 
before the base ^-td spending of prior years becomes a limit. Once 
this occurs, there is ar incentive to reduce the level of research 
to establish low base spending years for subsequent increased rid 
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expenditures. In addition, the credit 1 cks certainty and 
consistency. When the law vas enacted, 'Jie credit was provided a 
< limited life. Subsequently, its life has been extended several 
tiises for short periods. 

Not only is the continued existence of the credit uncertain, but the 
rules are regularly amended to reduce the amount of the benefit. 
Unfortunately, this is a product of thu current tax environment. 
What is an incentive one year, is a tax avoidance scheme the next. 
Almost as soon as a tax benefit is provided. Congress begins to 
amend the lav 'o reduce it. It is impractical to axpect a 
corporation ^ establish a significant long tern riA program based 
upon a crediv jith an indeterminate life and a constantly 
fluctuating benefit. 

The above drawbacks can bo corracted by establishing a permanent tax 
credit that would be available to corporations that maintain a 
consistently high level of r&d. An alternative would be to provide 
credits to corporations to the extent their r&d expense exceeds a 
certain 'ercentage of sales. The different r&d requirements of each 
industry iould be recognized by using the industry average as the 
base. Credit would be earned on the r&a performed in excess of this 
base ratio. In this way a corporation i/ould not be penalized for 
baintaining a high level of arti^'ity. The bac^ should be adjusted 
at infrequent predetermined intervals. 

Beyond an r&d credit, capital availability muf be dealt with by 
adopting the reduction of the cost of capital and the encouragement 
of private savings as a broad objective of federal tzx and spending 
policy and taking the hard actions necessary to bring about the 
desired results. 

I am neither an economist nor a legislator, so I will not attempt to 
prescribe a detailed program for the implementation of this 
difficult goal. The specific recommendations cf the Council on 
Competitiveness, many of the writings of Presidential Advisor 
Boskind, and the work of the American Council on Capital Formation 
offer whac app ^r to me to offer reasonable specific steps to 
achieve this overall essential goal of reducing the .^ost of capiiral 
within the Americnn industrial economy. 

If that recommendation comes as no surprise to you, then I*m sure 
the second one will not either. We must Improve the level liSifir*''"' 
in setence and tec hnology among our vouna people. 

A few days ago. Professor Stephen Gould delivered a comxtencemont 
address at Duke University entitled, "The Republic Needs Science." 
In this speech he dr3W e. ccaparison between the suppression of 
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intellectual inquiry at the time of the Inquiaition (exemplified by 
the trial of Galileo) , and the situation which exists today in the 
United Jitates. "Outrageous" you say — "aftor all we have done to 
protect intellectual freedoms?* Veo, unless you consider that 
failing to provide the voting and working population of our 
democracy with a functional understanding of the technological 
principles on which modem society is founded leads to exactly the 
same result. Such a science-naive society will leave the economic 
enterprise of the United states without the people needed to carry 
out the objective of re-building and maintaining our competitive 
position. 

While, thankfully, there are a number of good success stori'^s in the 
United States today, there is plenty of evidence that, f» :he great 
uajority of our school children, science and technology lemain 
subjects to be avoided, mysteries unexplained, something that they 
can get by without and, if i may say so, a joy unperceived. it is 
not surprising that our post-graduate schools in science and 
technology are less and less hosts to American 

citizens and mors and more are training the best and the brightest 
of the citizens of those countries which are our competitors in 
international trade. It is no Vender that we find increasing 
difficulty obtaining functionally literate workers and managers for 
operations requiring the level of technical skills needed in today's 
competitive world. It is no wonder that we find it increasingly 
difficult to reach political consensus on issues which involve 
coaplex technology such as nuclear power regulation, acid rain, and 
the like. 

Unless we act, this situation is only going to get worse. We are 
graduating 700,000 per year from high school who are not 
functionally literate and another 700,000 per year nsver finish high 
school at all. Those who do graduate fare very poorly relative to 
their international peers in tests of scientific comprehension. 
These citizenc and voters a**e going to have an almost impossible 
task finding rewardi ig work in today's society ana participating 
effectively in the political decisions which will confront them 
during their lifetines. 

It is time to recognize \ tat the profession of educating our young 
people deserves dignity and compensation commensurate with its 
importance and its difficulty. This is a nationwide problem. Bold 
federal leadership is going to be needed to correct it. The best 
and the brightest of our young college graduates are not going to 
choose the difficult career of teaching until the rewards for doing 
so become more competitive with those for choosing other paths 
including science in private industry, law, investment banking, 
*ier.lcine; and the other professions. 

I believe that the teacher compensation issue should be addressed at 
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the national level, and decisively. At the same time, I believe 
that our local schools should be hold to high standards; standards 
which require and encourage the creation of scientifically 1 iterate 
graduates, the kind ve have to have to re£:tore the competitiveness 
of our society. Z would encourage you to consider the Project 2061 
program recosmendations of the American Association for the 
Advancement of Science. 

Should federal support of college and post graduate education be 
restored to earlier levels? Host decidedly. But as with the r&d 
tax credit, thi.i action alone will not be sufficient without 
attention to pre-college education. 

you requested thoughts on other cost-effective ways to stinulate r&d 
and its application in comerce. There are a number of areas in 
which the federal government immediately and directly Influences 
private innovation. These include intellectual property law, 
antitrust legislation, and of course the government as a purchasar. 

Z believe that pooling of talent and resources in intercompany and 
inter-institution alliances is both efficient and necessary to 
address the prcblem of dwindling resource availability. The 
initiatives of the Congress and the Department of Commerce to relax 
barriers to cooperation among .Industrial participants are 
encouraging and helpful. Z urge the Congress to address all aspects 
of antitrust law in the context < T today's global economy to assure 
at least that: barriers to cooper, tion are removed where they are no 
longer necesuc&ry to protect adequate competition in a free marXet 
which includes p}ayer8 from around the globe. 

T am also encouraged by actions taken within the Congress and the 
Administration to encourage the broader dissemination of ideas and 
technology created within federal pr^^rams and federal IzQ^oratories 
to private industry. The Technology Transfer Act of 1986 and the 
activities which it has generated certainly encourage the kind of 
institutional cooperation and good utilization of available 
resources which is needed to stimulate competitiveness. 

Finally, Icit me close w^th a few remar'ts on the federal government's 
role as a purchaser. This is a source of immense power to address 
the problem before us. The government directly purchases and funds 
approximately half of all research and development performed in the 
United States. Perhaps even more important, federal acquisition 
frequently provides the initial market for high technology 
innovations which can later become elements of commercial products. 



With all this power, there will be a tendency to reach for quick 
solutions of our competitiveness problem by attempting to pick out 
the winners among undeveloped technical ideas and providing them 
with funding to help commercialization. There are certainly a 
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nmaber of areas where this is a legitimate federal action. These 
are areas in which the product or innovation produced is needed to 
achieve one of the objt.u.ives of govemmen'",, that is to do for our 
ourselves collectively %» -»t we cannot do for ourselves individually. 
These obj<tctives include the national defense and the protection of 
the en\ironaent, the basic science process which is distant from 
commercial enterprise, and other areas well known to you. Z think 
this kind uf direct support must continue in a judicious way. The 
market economy will ultimately choose from among the successful 
commercial products. It is for this reason that I place attention 
to the onvironment in capital availability and education ahead of 
direct government program budgeting in priorities for federal 
action. Nonetheless, the recommendations of the National Academy of 
Sciences for the management of the federal science and technology 
budget deserve to be implesjented by the Administration and Congress, 
and we aro all looking forward to a more vigorous cross*agency 
rationalization by Presidential Advisor Bromley and the Oepartmb.^t 
of Commerce. 

I sincerely hope these actions include a careful look at government 
purchasing policy in high technology efforts. It is certainly 
discouraging in t^e light of the seriousness of these discussions to 
see even occasional government purchasing decisions send U.S. tax 
dollars abroad for high technology services and products when these 
could be used to stimulatft innovative action in U.S. companies. 
Please understand, I am not a xenophobe. No one in a global economy 
can afford to l>e. However, as I observe the* actioiis of national 
governments of our competitors, i rarely see them awarding high 
technology procurements to U.S. companies when local companies could 
do the job. In fact, local content is almost always a go/no-go 
requirement for American companies which wish to do busijjess abroad. 
I hope that the Congress and the Administration will implement lore 
effective policy in this regard. Viewing government purchasing 
policy and actions in the light of the need to stimulate research 
and innovation should be a very cost effective, and Immediately 
helpful, action. 

I appreciate this opportunity to address the Committee. I want to 
assure you that research and development managers in American 
industry are as earnestly concerned about this problem as you are. I 
hope that these observations will be of some assistance in achieving 
federal actions which provide the environment within which we can 
together reestablish the vigor of an innovative and competitive 
economy within the global market. 

Thank you. 
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Mr. Hayes. Well hear now from Mr. Eizenstat. 

STATEMENT OF STUART E. EIZENSTAT, COUNSEL TO THE COUN- 
CXL ON COMPETITIVENESS AND COUNCIL ON RESEARCH AND 
TECHNOLOGY, WASHINGTON, D.C. 

Mr. Eizenstat. Thank you, Mr. Chairman. 

I am testifying on behalf of the Council for Competitiveness, an 
organization of chief executives from business, labor and higher 
education, and on behalf of the Council on Research and Technolo- 
gy, CORETECH, which is a corporate university high-tech coali- 
tion. 

The Council on Competitiveness does not endorse specific legisla- 
tion, while CORETECH does. 

I am going to address, if I may, Mr. Chairman, four topics which 
form a major part of a coherent strategy to continue to expand re- 
search and development of the United States. 

First, enactment of a permanent R&D tax credit with a modified 
base period, and coverage for the first time of start-up ventures, as 
well as a permanent basic research credit to encourage greater co- 
operation between corporations and universities; enactment of a 
compromise of a long-standing 861-8 regulations controversy which 
acts as a significant barrier currently to R&D; full funding of the 
academic research facilities modernization provisions established 
by the NSF Authorization Act of last year, which this Committee 
took the leadership position in passing, so that cutting edge re- 
search can be done in modem facilities on university campuses and 
non-profit institutions; and the improved training of America's sci- 
entific work force. 

A few very brief introductory remarks before touching on each of 
tb^ ' ^ four very briefly. 

lOre R&p, Mr. Chairman, is not an end in itself, but rather a 
aeans to stimulate innovation, which in turn is a key ingredient in 
boosting productivity and competitiveness. This country has no 
longer a monopoly on quality. We cannot compete based solely on 
unit labor costs. We have to do so by being on the cutting edge of 
new product development, and that heavily depends on more R&D. 

It is importent to emphasize why the Federal Government has 
an importart role in fostering more R&D. Private firms will not 
perform all the R&D which it is in this country's interest to have 
them perform because of the inherent risks of R&D, the low rates 
of commercial i*eturn, and the long lead times Involved. 

It is well esteblished, Mr. Chairnian, that society get somewhere 
between two and three times the payback from a successful R&D 
project than the company performing the research. 

My last introductory point is this: Consistency is absolutely criti- 
cal in the implementation of research and development policy. For 
Government incentives to be effective, private industry requires as- 
surance that they do not now have that the incentives will remain 
in place throughout the course of a project. 

I urge the Congress, Mr. Chairman, with this Committee in the 
lead, to adopt a comprehensive program to stimulate research and 
development, first on the perman^, t R&D credit and basic univer- 
sity ***^oearch credit. The rate of Increase of U.S. productivity has 
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declined in recent years. The U.S. spends a smaller percentage of 
its GNP on non-defense R&D than its n^ajor competitors, and to 
stimulate additional non-defense R&D the R&D tax credit and the 
university basic research credit should be made permanent. 

Since first enacted in 1981, the R&D credit has been subject to a 
number of short-term extensions and to cutbacks as well. From its 
original 25 percent figure it was cut back to 20 percent and as Mr. 
Lawrence indicated, a deductional disallowance was passed in 1988. 

We live in a global economy, Mr. Chairman, and other nations 
provide substantially stronger tax incentives for research and de- 
velopment. For example, 25 percent of all the tax benefits in the 
Japanese tax system are allocated to research and development in- 
centives. 

To the extent that we provide less than our major competitors, 
our own domestic companies operate at a competitive disadvantage. 
Some economists including Mr. Eisner have criticized the current 
base period for undercutting the full incentive effect on the credit. 

Responding to his critique, CORETECH supports the work of the 
Treasury Department in developing a new fixed based period. 
Under this proposal incorporated in the Jenkins-Frenzel Bill, H.R. 
1416, there is a fixed base period for a company's 1984 to 1988 ex- 
penditures. The base is then indexed to the growth of the nation's 
GNP. 

This bill has a number of additional advantages. Start-up ven- 
tures would be covered for the first time, the new R&D credit 
would have a 7 percent credit for so-called "slow growers" and in 
addition there would be a permanent extension so that certainty 
could be provided. 

I would like very briefly to mention the basic research credit 
which has nol been discussed. This is intended, Mr. Chairman, to 
encourage corporate university cooperation. One of the great ad- 
vantages the Japanese have in the world market is how quickly 
they are able to translate basic research into commercial products. 

In our country, it takes on average a much longer time for this 
process to occur. A significant reason for that is that the Japanese 
nave the advantage of very close corporate-university cooperation 
in the research field. 

The basic research credit first passed in 1986 is designed to close 
this gap. If corporations are involved, Mr. Chairman, fc,..d helping 
to structure the basic research products carried on by universities 
and non-profit institutions, we believe those products and projects 
will have more of a marketplace orientation. 

Second are the 861-8 regulations. Tax regulations issued in 1977 
require U.S. corporations with foreign operations to allocate a per- 
C2ntage of their domestic R&D expenditures to income earned 
abroad. The effect is to deny a full deductibility of R&D costs to 
U.S. companies and to impose a penalty on domestic research and 
development for companies in an excess foreign tax cridit situa- 
tion. 

The effect of this, M"*. Chairman, is to encourage our own compa- 
nies to relocaiv) R&D efforts abroad. We are the only company in 
the indu rial world which discourages the conduct of R&D in this 
manner. Every other industrial nation permits a full deductir^n of 
corporate domestic R&D against their own domestic income. 
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Congress, recognizing the unfairness of these regulations has 
passed four moratoria since 1977. It is important that we have a 
permanent solution. Treasury's own study concluded that the regu- 
lation would reduce R&D conducted within the United States by an 
amount equal to the revenue raised by the new regulation. 

Fortunately, there is a solution. In 1987, the Treasury, the Ways 
and Means Committee and the Finance Committee came up with a 
so-called 67 percent compromise, which permits 67 percent of a -cor- 
poration's U.S. R&D expenditures to be set aside and deducted 
against domestic source income. President Bush's budget amend- 
ments specifically include a 67 percent compromise dating back to 
the time of the last expiring moratorium, and we, CORETECH, 
strongly endorse that solution. 

I would also add that President Bush's budget includes the per- 
manent extension of R&D in university btsic research credits. 

Third is full implementation of the academic research facilities 
modernization provisions this Committee had so much to do with 
having passed to be^n with. The authorization has been passed, 
Mr. Chairman, there is no appropriacion, there is no request foT ap- 
propriation lA the Bush budget, thm Committee has Hemonstrated 
its commitment to modernizing acade.'nic research facilities. 

In your own report accompanying the bill you concluded tliat $10 
billion in expenditures over the next ten years was required to 
modernize the crumbling buildings and obsolete equipment in vari- 
ous scientific facilities. 

The simple faCv is that we cannot conduct the most sophisticated 
research in outmoded and obsolete facilities. Indeed, the mc 'ern- 
ization shortfall every year is escalating. To re^/erse this downward 
spiral of academic research facility conditions, we urge full funding 
of the Act you did so much to help pass last year. 

Fourth, and last, is training America's scientific and engineering 
work force. Our country's ability to expand its R&D is dependent 
upon the availability of skilled technical workers to carry out the 
necassary experiments, A well-trained science and engineering 
work force is essential if we are to become more competitive. 

Yet, shockingly, there are between 1,300 and 1,800 engineering 
faculty positions in our own colleges which are vacant. The com- 
bined shortfall exceeds 18 percent of the necessary engineering fac- 
ulty. In addition to the shortage of faculty, engineering schools are 
simply unable to attract sufficient numbers of qualified U.S. citi- 
zens into their graduate programs. 

A decreasing percentage of U.S. students are interested in pursu- 
ing careers in engineering and science. Foreign students represent 
some 40 r-rcent of the total enrollment in U.S. engineering gradu- 
ate schools and receive more than half of the U.S. doctorates in en- 
gineering. Yet many of these foreign students return home to their 
own countries, as you would expect, rather than staying here and 
providing long-term benefits to our country. 

The National^ Science Foundation found that approximately 
60,000 of today*s math and science teachers in our secondary 
schools are not fully qualified, and by 1995, which is just around 
the corner, the U.S. will need an estimated 300,000 additional sec- 
ondaiy math £ i science teachers, and wit.* fewer kids coming 
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through wanting science and math, Mr. Chairman, where are we 
going to get the pool from? 

This is not a problem of the future, however. It is a problem of 
today. We suggest that the Federal Government encourage pro- 
grams to upgrade the skills of science and math teachers and 
create incentives for talented science and engineering students to 
become teachers. 

The Federal Government should increase support for undergrad- 
uate and graduate education in science and engineering by revers- 
ing the loan/grant imbalance in undergraduate and graduate edu- 
cation. 

It should expand programs to raise the percentage of women and 
minorities in these fields by graduate fellowships and research 
intern programs and that it stimulate career-long continuing edu- 
cation programs. 

Even at time of severe budget pressures, Mr. Chairman, it is im- 
perative that the Government find the means to support research 
and technology. By investing in R&D today, we will create a 
healthier, more vibrant, more competitive economy and we will get 
back many times fold the investment that the Government puts 
into R&D. 

Thank you, Mr. Chairman. 

[The prepared statement of Mr. Eizenstat follows:] 
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Mr« Chairman and Members of the Committees 

Thank you for inviting me to testify before you today on 
methods of stimulating research and development in the United 
States. I am testifying on behalf of the Council on 
Competitiveness and the Council on Research and Technology 
(CORETECH). The Council on Competitiveness is an organization of 
chief executives from business, organized labor, and higher 
education, including representatives from many of the major 
corporations in the United States and the most prestigious 
educational institutions. It is headed by John Young of 
Hewlett-Packard. CORSTECH was established in 1987 to increase 
the U.S. commitment to research and development. CORETECH is 
comprised ox 51 major corporations, 78 universities, 7 
independent research institutes, 17 trade and professional 
associations, and 9 affiliates. Both of the organizations care 
deeply about stimulating additional U.S. research and 
development. In some cases, there are slight differences in 
their areas of emphasis and I will attempt to indicate those in 
my testimony. 

My testimony will address four specific topics which will 
provide an effective stimulus for the continued expansion of 
research and development in the United States: 
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o The enactment of a permanent research and development 
tax credit with a modified base period and coverage for H&D 
expenditures by start-up ventures to stimulate greater industrial 
research and development, and a permanent basic research credit 
to encourage greater cooperation between corporations and 
universities and basic research institutes. 

o The enactment of the "67 Percent Compromise" solution 
to the long-standing 861-8 Regulations controversy, which is a 
significant barrier to RltV, 

o The full funding of the Academic Research Facilities 
Modernization provisions established by the national Science 
Foundation Authorization Act of 1988 so that cutting edge 
research can be done at modern facilities on university campuses 
and at non-profit institutes. 

o The improved training of America's scientific work 
force so that the U.S. has a sufficient number of well-trained 
scientists and engineers to perform research a:td development in 
the U.S. 

By way of introduction, the Council on Competitiveness 
vishes to emphasize that these targetted efforts to stimulate 
research and development can be fuDy successful only in the 
context of sound macro-economic policies designed to bring down 
the Federal deficit to balance over the next four to five years. 
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The huqe debt burden of the Federal government, the need to 
finance triple-digit deficits heavily from foreign investors due 
to the lov U.S. savings rate, spending one of every seven Federal 
dollars just to pay interest on the debt, ail work contrary to 
efforts to stimulate R&D and starve the government of the 
resources need&.I to encourage greater private sector H&D. 

» 

In addition, more RfcD is not an end in Itself, but rather a 
means to stimulate innovation in America, which is a key 
ingredient in boosting American productivity and competitiveness. 
We no longer have a monopoly on quality. We cannot compete b^ser*, 
on unit labor costs. We must dc so by being on the cutting edge 
of new product development — and that depends heavily on more R&D. 

Likewise, it is important to emphasize why the Federal 
government has a*^ important role in fostering more RtD. Private 
firms and institutions will not perform all of the Rto it is in 
our country's interest to have them perform because of the 
inherent risks in RtD, the low rates of commercial return, and 
the long lesd times involved. It is well established tha" 
society gets two to three times the payback from a successful R&D 
project than the company performing the research, due to 
imperfect patent protection and the ripple effects of innovation. 
Therefore, if the governroont stimulates additional r«.d at the 
margin, society as a whole benefits. It is estimated that 
tvo-thirds of the gains in productivity in the United States from 
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1929 to the current date resulted directly from technological 
innovations. 

The last introductory point is this; consistency is 
critical in the implementation of research and development 
policy. Research and development looks to the 1. re. Research 
projects often take years to complete. For govertim^n'- incentives 
to be effective, private industry requires assurance that the 
incentives will remai: place throughout the course of a 
project. Temporary and sporadic policies lack effectiveness in 
inducing the desired behavior of the private sector. 

Congress should adopt a comprehensive approach to 
stimulating research and development. Research programs require 
facilities, people, projects, *r.d funds. If you have a F"'*iect, 
but no laboratory in which to work, or too fev scientists and 
engineers to conduct the experimentSr the project is doomed to 
failure. Accordingly, Congress should seek to ensure that a 
trained scientific and engineering work force is available for 
the conduct of research and development, that modern facilities 
capable of accommodating the most recent technological advances 
are in place, and that private Industry has sufficient 
stimulation to fund the further expansion of our research and 
development 2forts. 
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A PERMANEKT RtD TAX CREDIT AND BASIC RESEARCH CREDIT 

There is no question that the rate of increase of United 
States productivity ha? declined in recent years. The United 
States spends a smaller percentage 9f its gross national product 
on non-defense RfcD tlian Prance, West Germany, or Js^o^n. These 
two facts are clearly related. To stimulate additional 
non-defense research and development vithin the United States, 
the H(D tax crec'vit should be made permanent. Furthermore, 
CORETBCH feels strongly that the improvements and modifications 
to the R&D credit that are contained in H.R. 1416 and S. 570 
should be enacted. 

Strong support for making the R(D credit permanent is found 
on both sides of the aisle, as veil as in the Administration. 
President Bush's budget for Fiscal Year 1990 specifically 
endorses a permanent extension of the 20 percent incremental R&D 
credit, with a modified hr.se period to provide an enhanced center 
for R&D. Since it was first enacted in 1961, the R&D credit has 
been subject to a number of short-term extensions. Greater 
certainty is essential to stimulate the vigorous research and 
development critical to the innovation in technology and 
productivity that maintain and enhance the United States' 

leadership in the world marketplace. 
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The RfcD credit is the linchpin of the effort to stimulate 
research and development vithin the United States. 

A study conducted in 1987 by two eminent economists, Martin 
Neil Baily and Robert C. Lawrence of the arookings Institution, 
concluded that the RfcD credit resulted in 6 7 percent increase in 
research and development expenditures conducted by United States 
corporations. They further estimated that adcfational research 
and development has added $8 to $13 billion to the gross national 
product. Increases in the gross national product produce 
additional tax revenues. If the current 1 to 5 ratio of Federal 
tax revenues to the gross national product holds true, each 
incremental $8 billion in gross national product generates an 
additional $1.6 billion of tax revenue for the Federal 
government. Over time, the R&D tax credit will generate net 
revenue for the government. 

In addition to increasing total R&D expenditures by 
approximately 7 percent, the Baily-Lawrence study concluded that 
corporations vhich qualified for the credit increased their r&d 
expendituv-e by an amount greater than corporations that did not 
qualify f?r credit. In 1983, for example, corporations which 
qualified for the R&D credit increased their research and 
development expenditures by 30.4 percent as compared to an 11.1 
percent increase for corporations that did not qualify for the 
credit. The significance of that differential further 
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demonstrates the effectiveness of the credit. So, too, it 
represented a large rise in RfcD despite the most serious 
recession since the end of the Great Depression. 

Yet, in the face of the success of the R&D credit in the 
U.S., it has been consistently cut back. In 1961, it was 
originally passed as a 25 percent incremental credit. The R&D 
tax credit cannot be taken unless a company exceeds the average 
of its past three years R&D expenditures. It vas cut back to 20 
percent and the definition of qualified R&D vas tightened in the 
1986 Tax Reform Act. In the 1988 Tax Reform Act, the credit's 
value V3S reduced by another one-sixth by passage of a 50 percent 
deduction disallowance. This is a perverse result at a tiK<i of 
increasingly fierce international pressures. 

Other nations provide substantial incentives for research 
and development. Tventy-five percent of the tax benefits in the 
Japanese tax system are allocated to research and development 
incentives. Prance maintains a system of cash grants for 
research and development in addition to a research and 
development tax credit similar to the United States system. 
Ireland allows full deduction of R&D expenses in the year 
incurred as well as providing favorabxe capital allowances for 
machinery, equipment, and buildings for research and development. 
Furthermore, if R&D activities result in patentable products, 
Ireland exempts royalty income arising from the licensing of such 
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products from tax* Canada provides a 20 percent flat rate tax 
credit for RtD activities while also permitting the immediate 
expensing of both current and capital expenditures for RtD 
purposes* West Germany provides a 20 percent direct cash payment 
on the first $170,000 and 7*5 percent on the balance spent in any 
given year on depreciable assets used for RtD purposes, in 
addition, West Germany allows full deduction of RtD expenditures 
in the year in which they occurred* These incentives are only a 
sampling of the substantial tax benefits available to support 
research and development expenditures throughout the 
industrialized world* To the <*xtent that we provide less, our 
domestic companies operate at a competitive disadvantage* 

Some economists have criticized the current base period for 
undercutting the full incentive effect of the credit, since a 
company's current year R&D is built into the rolling three-year 
R&D base average* Responding to that critique, CORBTSCH supports 
the work of the Treesury Department to develop a new fixed base 
period* Under their proposal, incorporated into the 
Jenkins-Prenzel bill (H*R* 1416) and the Danforth-Baucus bill <S* 
570), there is a fixed base period of a company's 1964 to 1966 
expenditures; the base is then indexed to the growth of the 
nation's GNP* 

These bills have a number of additional advantages: 
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a. Start-up ventures would be covered for the first time. The 
current RtD credit covers R&D expenditures only for "existing" 
businesses. It was a major oversight not to cover new ventures, 
for whom the RfcD credit would be of particular benefit. 

b. The new r&d credit vould have a 7 percent credit for 
companies whose R&D is increasing but not at the rate needed for 
the 20 percent credit. This "slow-grower's" credit would have a 
base 75 percent of the regular credit's base. 

c. Some 10 percent more of the country's R&D intensive 
companies vould be able to take advantage of the new credit 
compared to the existing one — covering somp GO percent of 
America's R&D companies. 

A major feature oi H.R. 1416 and S. 570 is the permanent 
extension of the basic research credit first passed in the 1986 
Tax Act. The basic research credit provides an encouragement for 
corporations to contract out their basic research to universities 
and non-profit research institutes. Like the r&d credit, the 
basic research credit is also incremental and provides a 20 
percent tax credit for basic research contr^ictcd to eligible 
institutions above a historic base period. )o change vould be 
made in the basic research credit except to make it permanent. 

There is abundant evidence that one of the great advantages 
of the Japanese in the world market is how quickly they arc able 
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to translate basic research into commercial products. In our 
country it takes, on av;.**age, a much longer time for this process 
to occur. A significant reason for the Japanese advantage is the 
close corporate-university cooperation in Japan. 

The basic research credit is designed to close this 
important gap. If corporations are involved in helping to 
structure basic research projects carried on by universities and 
non-profit institutions in the U.S., we believe that those 
projects will have more of a marketplace orientation and will 
lead to a shortened time period between basic research and 
commercialization. 

CORETBCH supports a permanent extension of the basic 
research credit to provide certainty and predictability in this 
important area. 

861-8 RaGULATI<»?St ENACT TKg 67 PBRCKiJT COMPROMISE 

Tax regulations issued in 1977 under Section 861 of the 
Internal Revenue Code require Uniteu States corporations with 
foreign operations to allocate a percentage of their domestic 
research and development expenditures to income earned abroad. 
Under the regulations, a decreasing amount of domestic R&D 
expenses can be set aside against domestic income, down 
eventually to 30 percent. The effect of these regulations is to 
deny full deductibility of RtD c^its. Obviously, the inability 
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to deduct research and development expenses incurred within the 
United States effectively imposes a penalty upon domestic 
research and development for companies in an excess foreign tax 
credit situation. While some tax theorists believe it 
appropriate to allocate expenses by reference to the source of 
the income generated by those expenses, the effect of denying 
United States companies deductions for research and development 
expenditures will be to encourage them to relocate their research 
and development efforts abroad. If, for example, a product sold 
in West Germany ir, allocated an r&d expense incurred in the U.S., 
the R&D night as veil be conducted in West Germany, where a full 
deduction can be obtained. Such a relocation would be welcomed 
with open arms by the governments of other countries in the 
world. The United States is th« only country in the industrial 
world that discourages the conduct of research and development in 
such a manner. Every other industrial nation permits a full 
deduction of their corporate domestic R&D against domestic 
income. 

The controversy over the allocation of research and 
development expenditures to foreign source income began In 1977 
with the issuance of proposed regulations by Treasury. Twelve 
years later the controversy still rages after Congress, on five 
separate occasions, imposed a moratorium on the effective date of 
those regulations, recognizing their unfairness. The last of 
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these moratoria ended in May, 1988, leaving RfcD intensive U.S. 
compcnies with foreign source inccae subject to the full brunt of 
t^e old, discredited 1977 regulations. \ permanent solution is 
needed. 

The purpose of these hearings is to identify those policies 
which will stimulate research and developronnt in the United 
States. Pure common sense dictates that any policy which 
increases the cost of research and development discourages Its 
conduct. Nothing is clearer than tne fact that ve must stimulate 
domes tig reseerch and development. Research and development 
conducted within the United States is most likely to be tailored 
to our domestic needs ani to our domestic markets. When H&D 
mov^s abroad, jobs move with it. 

Our history teaches us that research and development 
conducted within the United States produces substantial spin-oft 
effects. Improving existing products and creating 
technologically innovative new ones gener&tes benefits not only 
to the developer of the new or improved product but also to the 
users of tiiat product and to others who find new applications for 
the technological innovation. The spin-off effects of research 
and development frequently are produced by people directly 
involved in the new technology — people at the site of the 
development. Accordingly, we must encourage United States 
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companies to conduct their research and development within the 
United States. 

Viewed from another perspective, boosting domestic research 
and development increases the critical mass of traineo personnel 
within the United States and acts as a continuous magnet to 
attract foreign scientists and engineers to our shores. Research 
conducted within the United States trains United St::ites 
scientists and engineers. It produces high wage jobs within our 
country. 

Treasury's June 1983 study of the effect of the 861-8 
Regulations, produced at the request of Congress, concluded that 
the regul?.tions would reduce research and development conducted 
within the United States by an ajnount equal to the revenue 
raised. Treasury estimated that the regulation, if effective for 
1982, would have increased the tax liability of United States' 
companies by $100 to $240 million. The study then estimated that 
United States research and development expenditures would have 
been reduced by $37 million to $260 million. The Treasury study 
was written to support the 861-8 Regulations and used 
conservative estimates of its adverse affects. A dollar for 
dollar reduction in United States llfcD spending is nothing short 
of a disaster, one can hardly Imagine a more perverse tax 
policy. 
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Even when viewed from a technical tax perspective, the 861-8 
Regulations are inconsistent with the provisions of the 1986 Tax 
Act. The -Super Royalty" provisions of the Tax Reform Act of 
1986 insure that United States corporations will be taxed within 
the United states on the value of the fruits of their domestic 
research and development efforts. Under the "Super Royalty- 
provision, foreign income is recharacterized as domestic source 
income and taxed by the United States. Given that sourcing 
magic, artificially allocating research and development 
deductions to foreign source income puts a double-whammy on 
Unitf'd States corporations; they cannot deduct within the United 
Statfis the expenditures which generate United States source 
income. Accordingly, the very mismatching that the 861-8 
Regulations were designed to eliminate is created by the 
combination of the 861-8 Regulations and the "Super Royalty- 
provisions. 

Fortunately, the solution to the 861-8 Regulations disaster 
has already been developed. In 1987 Treasury, the Senate Finance 
Committee, aid the House Ways and Means Committee, with industry 
support, agreed upon a solution to the 861-8 Regulations problem. 
In brief, the "67 Percent Compromise" reached permits 67 percent 
of c corporation's United States research and development 
expenditures be set aside and deducted against domestic source 
income. The remaining 33 percent of the research and development 
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expenditures would be allocated as provided in the current 861-8 
Regulations. 

The Reagan and Dush Administrations have strongly endorsed a 
pei*manent solution to the 861-8 Regulations problem along the 
lines of the 67 Percent Compromise. President Bush*s budget 
amendments specifically include a permanent 67 Percent Compromise 
dating back to the time of the last expiring moratorium. 
CORETBCH Strongly endorses that solution. 

FULL IMPLEMEHTATIOM OF THE ACADEMIC RESEARCH PACILITIES 
MODERNIZATION PROVISION 

To conduct research, a scientist must h^ve facilities in 
which to experiment. Th^i Committee recognized that fact in 
initiating the University Research Facilities Revitalization Bill 
in the 100th Congress, led by Chairmi.n Bob Roe. hy passing the 
National Science Foundation Authorization Act of 1988, the House 
and Senate authorized the expenditure of $80 million in fisca] 
year 1989 for the modernization of academic research facilities. 
That authorization increased in subsequent fiscal years — $125 
million in 1990, $187.5 million in 1991, and $250 million in 
1992. Unfortunately, the authorization has not yet been followed 
by actual funding. Neither the Reagan nor the amended Bush 
budget for fiscal year 1990 contains funds for the modernization 
of academic research facilities either within or in addition to 
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thc proposed— and welcone— 14 percent incrementfil increase in the 
Mational Science Foundation budget. 

This Committee has denonstrated Its conunitroent to 
modernizing academic rettearch facilities. House Report 100-649 
to the National Science Foundation Authorization Act of 1966 
eloquently stated that: 

"Throughout our nation's history the . .alth of our 
economy and the strength of our national defense has 
been coupled vith that of colleges and universities. 
This country looks to Its colleges and universities for 
both new knowledge as veil as training for i dentists 
and engineers. This linkage is truly unique. There is 
no coincidence that the U.S., with its foundation of 
academic research and training, has led the vorld In 
all measures of achievement In srlence and technolo(jy. ** 

House Report 100-649 then concluded that $10 billion In 
expenditures over the next ten years was required to modernize 
the crumbling buildings and obsolete equ5pment In various 
scientific fields. The White House Science Council and the 
Bromley-Young report during the Reagan Administration came to a 
similar conclusion. Frank Press, the president of the National 
Academy of Sciences, has called for the expenditure of $1.25 
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billion per year for the next five years to replace crumbling and 
decaying facilities. 

The simple fact is that ve cannot conduct the most 
sophisticated and most productive research in outmoded and 
obsolete facilities. Our universities and non-prof U research 
institutes cannot attract outstanding scientists and engineers if 
they must perform their research in out-of-date facilities. 
Moreover, young scientists and engineers roust receive training on 
the most modern equipment, vhich often cannot be used in 
antiquated research facilities, if our country is to achieve the 
next generation of technological innovation. 

Recent scientific breakthroughs have depended upon nev 
instruments — nev instruments vhich typically are more 
sophisticated and expensive th^n their predecessors. The 
scanning tunnel microscope for visualizing atoms and techniques 
sucn as capillary eTectrophoresis that can follov chemical 
changes i^: single neurons aie exciting and open nev vor.lds to 
explore, but they are exponsive. without state-of-the-art 
equipment and laboratories, progress vill be slov ant the best 
engineers and scientists vill migrate to positions clsevhero, 
even abroad, that remain on the cutting edge.. 

The facility modernization shortfall is escalating. For 
every $1 spent on nev construction, $2.50 vas deferred. For 
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every $i spent cn repair and renovation, $3,60 was deferred. To 
reverse the downward spiral of academic research facility 
conditions, full funding of the Academic Research Facilities 
Modernization provisions of the National Science Foundation 
Authorization Act of 1988 must be made. 

TRAINIKG AXCRICA'S S CIENTIFIC AND EKGIMBRRIMG WORK PQ RrP. 

America's ability to expand its research and development 
effort is dependent upon the availability of skilled technical 
workers to carry out the necessary experiments, A well trained 
science and engineering work force is essential for America to 
become more, competitive. It is the "human infrastructure" upon 
which growth in U.S. rr ' ''rch and development must depend. 

Today, 1,300 to 1,800 engineering faculty positions ac 
United states' colleges and universities are vacant. Fever 
positions exist than are needed to maintain and restore the 
quality of graduate engineering programs. The combined shortfall 
exceeds 18 percent of the necessary engineering faculty. 

In addition to the shortage of faculty, engineering schools 
are unable to attract sufficient numbers of qualified United 
States students into their graduate programs, A decreasing 
percentage of United States students are interested in pursuing 
careers in science and engineering, of the 4 million high school 
sophomores in 1977, onlv 206,000 had received Bachelor of Science 
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degrees in natural sciences and engineering by 1984. Only 46,000 
of those had received Masters of Sciences degrees in natural 
sciences and engineering in 1986* Of those 46,000, it is 
anticipated that only 9,700^ or less than one-quarter of 1 
percent of the 1977 high school sophomore class, will receive 
doctorates in natural sciences and engineering in 1992* Nine 
thousand seven hundred new engineering doctorates are not enough 
to meet our research and development needs* 

The downward trend continues* In 1982, over 12 percent of 
entering college freshmen shoved an interest in majoring in 
engineering, but the percentage declined by one-quartor, to a 
little over 9 percent, in 1987* 

Fortunately, the shortage of qualified United States* 
students has been offset to some degree by the increasing number 
of foreign students enrolling in United States* universities and 
pursuing studies in science and engineering* Foreign students 
represent approximately 40 percent of the enrollment in United 
States* engineerinci gr^uate schools and they receive more than 
half of the UnHed States' doctorates in engineering* without 
foreign student participation in these programs, the shortage of 
qualified engineering personnel in both industry and United 
States* universities would be devastating* But many of these 
foreign students return home to their own countries and the 
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United States does not get th« long-term benefit of thair 
training. 

The National Science Foundation has found that approximately 
60,000 of today's math and science teachers in America's 
secondary schools are not fully qualified and that, by 1995, the 
Unitf^d States vill need an estimated 300,000 additional secondary 
school math and science teachers. With a decreasing population 
of students entering science programs, the United States vill 
have a difficult time meeting this need. Ultimately, in light of 
the potentially decreasi.ng number of college age students in the 
United States and the declini.ng percentage of those students 
choosing to pursue careers in science and engineering, the 
shortage of qualified scientists and engineers may reach 500,000 
by the year 2010. 

The shortage of qualified scientists and engineers is not a 
problem of the future, it is a problem today. Between 1969 and 
1982 the rate at which the United States residents patented their 
dis dveries abroad decreased by 50 percent. At the same time, 
foreign applicants increased their share of United States patents 
from approximately 35 percent in 1975 to 46 percent in 1967. 
Most of this growth is accounted for by the increased number of 
Japanese p&tents. Without sufficient numbers of scientists and 
engineers to conduct research, it is a certainty that the United 
States* share of world-vide patents wiiJL continue to decline. 
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To reverse the trend, the Federal government should: 

1. Bolster elementary and secondary science and mathmatics 
education by supporting pre-school programs such as Head Start, 
funding programs to upgrade the skills of science and math 
teachers, ond creating incentives for talented science and 
engineering students to become teachers. 

2. Substantially increase support for undergraduate and 
graduate education in science and engineering by expanding the 
funding of basic university research and reversing the loan/grant 
imbalance in undergraduate and graduate education* 

3. Expand progrcuns to raise the percentage of women and 
minorities in our scientific and technical work force by 
establishing graduate fellowship and research internship programs 
^'rected towards minorities and women, and providing matching 
grants to develop and replicate successful recruitment and 
retention programs for undergraduate and graduate women and 
minority students. 

4. Support or stimulate career-long continuing education 
programs by providing tax incentives for industry to offer 
continuing education, and re-enacting and making permanent 
Section 127, particularly to include graduate education. 
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5. Foster conununication and collaboreition among governaient, 
industrial, and educational partners by reviewing and updating 
Federal programs that support training and retraining the 
scientific and technical work force; convening a national 
conference of state level forums and inrsti tut ions that are 
working to enhance the skills of their scientific and technical 
work force; including as part of major Federal scientific or 
technical projects the assessment of its work force requirements 
and direct investment in training the needed personnel for those 
projects; and ensuring that immigration laws allow foreign 
nationals with needed skills to remain in the United States. 

CONCmSIOM 

Mr. Chairman and Comnittee members, I cannot over-em^asize 
th'A need for a predictable and stable research and development 
poAicy, both with respect to Federal income taxation and 
governmental expenditures. A permanent solution to the 661-*8 
Regulations problem and a permanent RfcD credit, as well as 
sustained funding for the Acade^^ic Research Facilities 
Modernization program and increased support for training the 
American scientific and engineering work force must be a 
centerpiece in our nation's research and development policy. The 
rewards from stimulating res&^rch and development are clear. 
Even in times of severe btidget pressures, it is imperative for 
the government to find a means to support research and 
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tcchnclogy* By investing in research and development today, ve 
%fill create a healthier, more vibrant, more competitive American 
economy. 

* * * * ft 
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Mr. Hayes. Thank you. There are a couple of things, especially 
in light of the last panel, that I would like to inquire about without 
keeping you here all afternoon. It occurs to me that there is per- 
haps less of a difference between Mr. Lawrence and Dr. Eisner as 
the concise statements would indicate. 

Let me give tlx?o illustration: There was a major banking institu- 
tion with which T.a famJliar as a former regulator, that had the 
largest R&D budget in my 3tate. I did so because of tax planning 
considerations, I suggest in accordance with what Dr, Eisner men- 
tioned ' arlier, that the ase of automatic financial service terminals 
would have come abouv anyway as a response to the marketplace. 

Yet there is no doubt you could not have stopped the automatic 
teller machines from being established. And yet all of this was 
under R&D, primarily because al that time there was tax consider- 
ations that guided them. 

I represented a law firm not dissimilar to Mr. Eizenstat's. My 
role was to look at the code with the goal of finding opportunities 
to serve our clients by giving them the best benefit of our advice on 
ways to avoid paying higher taxes. That's our motivation. 

And yet, with the example given, Fm certain that the intent of 
R&D, the motivation, did not result in any ba.ik activity, nor was 
it what we were attempting to inspire, legislatively, by the creation 
of those code provisions. 

Yet, after having said this, I assure you, I am a strong proponent 
of the R&D tax credit because we have got to get to where we need 
to go. It is clear. It is undeniable statistically that the rest of the 
world is using research and development in civilian areas, though 
we still need it in military development, that outstrip ours, and 
that they are gaining an economic benefit from doing so that is 
visible by any objective person. 

Would it not perhaps be correct to say, that in a blend of your 
statement. Dr. Eisner, with Mr, Lawrence's, what we really are 
asking is to more pinpoint our R&D legislation so as to reach the 
areas that need encouragement, and to do our best to avoid those 
provisions that can lead to subsequent abuse, or to incentives based 
solely upon paying or not paying taxes, rather than guidance 
toward research and development. 

One of the suggestions contained in your statement is a base av- 
erage for different industries. In light of this, can't we improve our 
legislative goals, and accomplish what Mr. Lawrence is saying, and 
at the same time, avoid some of what Dr, Eisner is saying? 1 11 ad- 
dress that to both of you. 

Dr. Eisner. V/ell, there are ways to improve the current propos- 
als— 1 have th outlined briefly in my statement— to make them 
somewhat more effective. The basic problem is that everything 
economists say has an opportunity clause, and of course, everybody 
would like to have more of everything. Just within the field of 
R&D itself, of research, the question is where is the role for Gov- 
ernment? Where can the Government— should it encourage things 
that would not otherwise be done because it is not in the interests 
of private companies to do them? 

The difficulty is that everybody would like to have his taxes 
down. The Tax Reform Act of 1986, T think, wisely moved in the 
way of eliminating some of these special codes, including in par- 
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ticul&r the investment tax credit where many of the same argu- 
ments were made, I think, even all the more fallaciously. The 
notion we have in a competitive free enterprise capitalistic econo- 
my is that business should do what is profitable for it. If you 
cannot show that it would not do something profitable for it— if 
you can show it won't do something profitable for it, you're in a 
rather queer indictment of the entire system. If it's profitable by 
itself, the tax advantage is just extra gravy. If it's not profitable by 
itself, then you have to make sure that the tax advantage of get- 
ting them to do it is really in the interests of society. 

I would say that applies where we have what are know as public 
goods, where we have things where the benefits to the rest of the 
country exceed the benefits to that company, so that it pays to do 
it. That is true in regard to education, the basic preparation of sci- 
entists. 

Dr. Lawrence. Well, I would pick up where Dr. Eisner left off. I 
would agree exactly with what he said, and I would argue that in 
fact, it has been certainly well established that there are public 
good aspects to commercial research and development. The spil- 
lovers that result, and I'm stressing here commercial, that the spil- 
lovers that result from commercial R&D result in a return to socie- 
ty which is two to three times as large as the return to the firm 
itself. 

This is on the basis of studies which have looked, let me stress 
again, basic research and development expenditures. So I do be- 
heve that this is an area which meets the appropriate criteria 
which is to say, there are social benefits that far exceed those that 
are available to the private decision makers themselves. 

Let me say secondly, that we're trying to design something and it 
is a very tough problem. Because it^s what my late colleague 
Arthur Oaken once called the "leaky bucket." What we're trying to 
do IS create an incentive at the margin and design it in such a way 
that we will not reward people for doing something they would 
have done anyway. We want to get them to add that extra dollar 
without wasting money on all the intra-marginal dollars. That's a 
tough design problem. I don't think there is a simple, single 
answer. 

Now, the R&D tax credit, the original one, was one effort at 
trying to do that. The idea of the base was indeed to try to get 
away from spending which would have been carried out anyway. 
As Professor Eisner pointed out, among others, unfortunately in 
that design, although it did provide some incentive, it was not as 
large an incentive as you could have by making the base independ- 
ent of the individual's decision. 

So v/e have now moved to a second formula. Now, I personally 
think it is an empirical matter as to whether we should go to the 
industry level or whether we should go to some other basis. I think 
using the GNP is a reasonable base. But I would not be wedded to 
that. If you could show me that there is a better way to do it, I 
think we could do it that way. I think by and large, it is important 
when v/e make this permanent, and I think the provisions of the 
bill do provide it, that we look again in five years, say, as to how 
that base is doing. 



ERLC 



213 



210 



Is it totally unrealistic? Has spending far exceeded that base or 
is it falling behind it? In some sense it^s going to be crude because 
we're trying to do something that's very difficult to do. I think that 
the GNP is a reasonable number, but I don't think there has to be 
a single obvious alternative that dominates. 

Mr. EiZEMSTAT. Mr. Chairman, may I? 

Mr. Hayes. I was just about to say, if either of you gentlemen 
would care to jump in— 

Mr. EiZENSTAT. Yes, thank you. First, it is important to recognize 
when this was originally designed back in 1981 it was designed as 
an incremental credit. You don't get the first nickel of credit 
unless you exceed the base. 

The second point is that in response to the critique of Mr. Eisner 
and others, the Treasury Department, and I worked with them on 
and off for a good while, came up with this fixed base concept pre- 
cisely so that we would have the full value at the margin of the 20 
percent credit. 

The third point is i^hat, of course private firms did research and 
development before there was an R&D credit and of course they 
would do it if there were no R&D credit. What we are trying to do, 
and what I believe we've conclusively demonstrated by Dr. Eisner's 
studies and others, is that because there is a gap between what the 
market encourages companies to do, with all the risks inherent, 
with all the long lead times for projects, with all the failures that 
occur from R&D, and what is in society's ir^^rest to have them do, 
that you can encourage more R&D than ..^e market v/ould other- 
wise encourage by this incentive. 

That's what we're trying to do and that's what, in fact, the R&D 
credit has done. We think that with the new base period it will be 
an even better incentive. 

Mr. Hayes. Dr. Womack, I believe, if I am not a victim of ray 
own handwriting, that you had made one of the references to anti- 
trust in a portion of the conversation today. I would like to carry 
that through in light of the previous panel. 

It seems from what we hear on this committee and almost uni- 
versally, from almost any source, that we're dealing with competi- 
tors who, from whatever structure, in the interrelationship of their 
government and business, and universities, even, can cross through 
some of our bounds of antitrust relationsh'ps, and are able to put 
together larger joint efforts. So there is a pressure always to say 
"let us be more cooperative at that level." 

That's a legitimate concern and certainly one responsive to a 
competitor who can do things you can't do. On the other hand, as 
someone who is elected by very small business people, and individ- 
ual consumers, let's take Dr. Caulder's comment earlier about his 
small company. 

So if we re sitting there talking about how to facilitate IBM and 
Apple to do a worthwhile project, and if the reference made by Bill 
Poulos of 9,000 similar companies — we're suddenly going to be at 
that crossroads where, on the one hand, attempting to do a better 
governmental service, we have 8,995 other people locked outside of 
the door, saying "wait a minute, granted we're not your size, but 
we're in that business, and suddenly we don't care to compete with 
John Rockefeller all over again." 
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How do we balance that interest and how do we select those 
areas of participation where we cross that line, and at the same 
time, how do we preserve Dr. Caulder's company from unfair com- 
petition when these selections are made? 

Finally, how do we avoid doing wha* we just said didn't look too 
good for the Air Force in ls design specifications. By designing an 
entity that shuts the door on others, isn't that the equivalent of 
making the request for a design that shuts the door on others? 
How do we balance those things? 

Dr. WoMACK. I wish I had both the wisdom and the experience to 
answer that question in full. 

Obviously, none of these issues is black and white. All I was at- 
tempting to do was point out that at the time, as in so much of our 
business culture in the United States, we had a view, perhaps that 
lasted even as late as the mid-19Tu. , that we were a law unto our- 
selves, that the entire world ended at our borders on the Atlantic 
and Pacific and with Canada and Mexico, since our market was so 
large, and since our productive capacity was so large, and since we 
were good at everything. And we needed to speak primarily in 
order to protect those small companies— a principle, by the way, 
which I thoroughly advocate— to protect those small companies and 
to avoid collusion in pricing, to avoid the kinds of things that I 
think we would all deplore, to create laws within the United 
States, antitrust laws in the United States, some of which have sur- 
vived, and in many of which deserve to survive. 

All I was attempting to point out is that the economy now in- 
cludes a much larger playing field and a much larger number of 
players, some of whom are not subject to the same restrictions; and 
furthvjrmore, because of the larger number of players, some of the 
reasons for the original restrictions may no longer be valid. It's not 
a subject which Fm prepared to answer in detail. I would certainly 
agree with you that it's a difficult subject. It requires some balance. 

I did want to point out that it is very encouraging to see some of 
the barriers, which might 10 or 15 years ago have made it very dif- 
ficult, or at least would have made me very hesitant, to sit down 
and talk vrfth counterpart R&D managers in my industry about the 
possibility of joint programs in procompetitive development, to see 
those barriers relaxed by action on the part of the Congress and 
the Administration. 

And I think it's useful with more time and more effort to exam- 
ine the other phases of the commercial development process and 
see if pushing, or removing or limiting, those lands of barriers in 
later phases in the near commercial phases and perhaps even in 
the production phase of the process, with restrictions, is not desira- 
ble. 

R&D consortia, which would enable us to pool what we've al- 
ready spoken of as limited resources around the table, I think are 
going to have to be done in this counti-y if we're going to work 
within the box of the availability of those resources. 

Mr. Hayes. If any of you would care to jump in that's fine. I 
would also like to add the concept before I ask anyone to jump in, 
of the same thing, the university- corporate cooperation. I had an 
opportunity only a few months ago, through being in Japan for a 
short length of time to be able to see first-hand that you cannot tell 
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the personnel that are corporate from the graduate students. They 
are identical, they intermingle and they are a cohesive work force 
that does precisely what you said, and that is accomplish a conver- 
sion from beginning to end much more rapidly than we can. 

The one problem I see, while at the same time suggesting that is 
effective and efficient, is there is not an equal competition among 
major universities in the case I used of Japan, where Government 
adds itself as a third player in that university-corporate structure, 
and in effect details roles of, not the university as a community, as 
a generic term, but The University upon which the facility will be 
located. 

The equivalent of that would be to ask this panel with its rather 
broad background when it is in full Committee of Science and 
Tech, to take Johns Hopkins and Cal Tech and MIT and the Uni- 
versity of ^lichigan, and add two or three more, to the exclusion of 
the rest of the community and say, they are awfully well prepared 
for this project. I know it's the same box, but I would be most inter- 
ested in any of your observations, because it's the one in which we 
find ourselves. Certainly, the goal is enviable and certainly the 
structure of our competitor requires a reaction. 

But the reaction has to be something, in my opinion, different 
from emulating it. It's got to be a variation of it. What's the best 
way to create that variation without giving up the uniqueness of 
our society that allows small businesses to create themselves, and 
allows universities with individual research projects to go forward? 

Mr. WoMACK. Let me just seize on the last remark you made 
that the emulating our competitor is not the easy solution that it 
may appear. Obviously, he has strengths which make some of those 
things work for him which are born of the culture in which he 
lives. 

We have a culture which values independent action, personal in- 
novation, and competition. It's the strengths of that culture that I 
feel we need to reinvigorate in order to solve the problem weVe 
been discussing. 

It's on that basis that I am suggesting, certainly not suggesting 
that the Government get into the business of picking winners and 
losers, but lather to enrich the resources and the tools which 
enable that structure to function well, and which are now in some- 
what sad repair. 

The fact is that a commercial enterprise in the simplest form re- 
quires four things. It requires a customer, it requires an idea for a 
product, it requires skilled people e A it requires production tools. 
Three of those four things are in questionable repair in the United 
States. The only thing that nobody has challenged is that we're 
very good at being cusvomers, we're very goad at being consumers. 

We can stand tx) look carefully at the idea production process, at 
the process of producing skilled people, and at the process of 
making available the capital, that is the savings, which go to form 
the production tool. If we do that, and if we do it effectively, I 
think our culture will do the rest. 

Mr. EiZENSTAT. There are, Mr. Chair n^ an, at least two activities 
which I think go to your point. One is that the National Science 
Foundation has been creating, and I certainly think they've done a 
good job, the Centers of Excellence which are bringing together 
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businesses, small and large, and universities. I think that needs to 
be expanded. 

Second, as I indicated, the university basic research credit is de- 
signed specifically to encourage corporations to contract out their 
basic research to universities and non-profit institutes, so that that 
kind of collaborative effort is encouraged. 

It's too early to say what impact that has had. It was only passed 
m the 1986 Act, but anecdotally, at least, our companies are very 
encouraged by how it's working. 

Dr. Eisner. I would just pick up one of Dr. Womack's points. I 
think again, industry will lack skilled persons, skilled people, and 
that's the one place you can't expect industry to help itself. Be- 
cause we're not a slave economy, it doesn't pay an individual com- 
pany to adequately educate and train people, because they can't 
keep those people, they can go elsewhere. 

It's a basic responsibility of government and society to invest in 
human capital. That is where I believe this Committee should look 
for ways to proceed, and to proceed effectively. 

Mr. Hayes. Thank you. I want to thank all of you. I am going to 
roughly adhere to the time because this is one of those occasions 
where I think there is some pressure for this room. 

So we're a little bound today by constraints that we won't always 
be bound by. I do want to add a few things to this record, however, 
before closing, the submissions that were made, and I will just 
state the record will be open. 

Also, what well do, if there are any additional materials that not 
only any of our panel members but other interested parties would 
wish to subn-xC, then the record will be open for that purpose. 

I thank all of you for coming, and as' I said earlier, one thing I 
have learned in a short time is that more people read what you 
submit that I suspect you believe read it, and it has a broader 
impact than you might think it has. 

As illustration of that I will assure you that the present amend- 
ments involving Section 89 of the Internal Revenue Code came 
about almost entirely because of staff reading letters, comments 
and documents from accountants and small businessmen across the 
country that gave graphic examples of their opinion of the imprac- 
ticability of that legislation. 

Likewise, much the good we can do is in the same fashion as 
your specific examples and the only thing I would further encour- 
age that we are always in short supply of, is alternatives. 

While we don't expect them to be perfect, and while anyone who 
offers any suggestion opens themselves to criticisms from their col- 
leagues, it's still the best source of information for us, to see people 
who are intimately dealing with issues to make suggestions, while 
not perfect, are improvements. I would certainly urge and encour- 
age you to please continue doing so. From that criticism alone 
comes a constructiveness that we can't duplicate elsewhere. 
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Thank all of you for being a part of this hearing. I certainl> ap- 
preciate your coming and I can only tell you that this is an issae 
that is evidencing itself in such magnitude that our countr/ needs 
your continued input to improve our past and hopefully to better 
plan our future. 

Thank you very much. 

[Whereupon, at 1:12 p.m., the subcommittee was adjourned, to re- 
convene at the call of the Chair.] 
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coinj>etit)on l>etween ».uppliers. 

Aspttts of this technologv*, such 
AS lower fitrudurat weigtit and 
greater component heat resistance. 
<uake advanced coniixisitcs a 
rcfpiircti area of dcxelojimeni for 
future aerosjMce applications such 
as high-speed aircrafl and advanced 
propulsion sj-sicins. Ciirrcnlly. 
develojMnent is concentrating on 
itnpruving the iwrfomunce of the 
basic materials and identifying 
cost ♦•'Active applications. Due to 
Ih .iplexities of com|X)eiitc 
materials, such ss their direct onal 
properties their low ductiU'y and 
flber/matrix interface problems, 
there is a need for a<lvanced 
autonuted design and 
manufacturing tediniques, as well 



as more liighly skilled engineers 
who are fanulJjr with the 
developmental problems of 
composites teduiology. 

F^couragcnu'nt of this K&fD 
effort ivould help the U.S. 
composites industry m^intAin U& 
lead Future program rwiuiremtiits 
denund tliat immediate attention 
should be ^\-en to the f4bric«tion 
of materials exhibiting even 
greater touglinessr utility and 
resistance to higiier tempenlure. 
With a sufficient effort, a 259b to 
50^ reducti(m in production atta 
for mop't aeros^Mce strtictures cbuld 
be realized before the ymr 2000. 
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ADVANCEMENT INIIinnX>RS 

■ Mainiili and ()rucr»ct mrc klUI evolvlitj; 
« Qur*tl<HU of ton^-trnn durablUly 

■ More skUlrd raj|^i«crliig iraourm trr iimirt] 



REQUIRED DEVEW)l»MKN*r 

9 Hl|jh>trmpcnitur.^ nuitrrlal* 

9 Rrflncti ttnicturat unalytU method* 

■ rn{nr<i irchiikai (UiU hAvc 

M Improvftl eitvlronmritul t!urabHU> 

• Innovaii>r, 1ow-cm1 nuinufatiurini; mrttuK!« 

> (ilmplin*^! rr}>«lr mctliodt 

M Atlvinncvd Aulomaml clrUgii techniques 
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KKCOMMIA'DATIONS 



a Inslitiile a ni.yt)r intioual 
program lo ncct?lciatc 
jlevclopment of a bixMi! 
i«hnolof*\' IwM* with mawt 
gov cnmifiU. iiKhrMiy and 
inu\ ersity snpjwrt 

^ a Dcnioiwtratr iiwmtaiiiabiliiv 
, and tx»t-cncciivf»css of 

.uivaiKvd coin|x»HCN 

OJ 

^ K i'unuenew and innovaiivf 

nmtcrtal fonn^ and pixxr^ws. lo 
exploit |)otenlial of advanml 

^ roin|>osm^ 

• Continue UrMlopnuMH of 

athanowl aulom^ti-*! dt^Mgn a»d 
analv^iA nirthwU fiu cJra-tive 
and efficient fiilfiUinent of 
^yJ»teln re<iU'mneii'\ 
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Hie rev(^utwMjy advances 
made In aerospace electronics have 
been drf\Tn by the ad\-«nces In 
Integrated circuits. The staggering 
amount of expwtl^ focused on 
electronics micronuniaturization 
Hm provided very Urge scale 
Integrated (VLSI) circuits. Py the 
turn of the century, the number of 
transistors per chip vviU reach Into 
the tens of millions. Additionally, 
new materials are emerging, 
purticuUrly gallium arsenide 
(GaAs), that liavc the promiMJ to 
further increase the elcc<ronic 
speed on a chip by a factor of 
three or more. Recently 
announced ecWevemcnts in 
RuperconUwciivity might provide 
further advances in VLSI circuit 
performance. 

Sudi compact drauty will 
provide computers vvitii an even 
greater computational capability, 
anil ytt they will be snuiler, more 

reliable and easier to maintain. 




They ^vill give unprecedented 
performance in aerosparc and 
many other fields, providing the 
"brains" for aJnrafl, satellites and 
weapons. Additionally, they wiU 
pl«y a piwtal role in the 
development of other ne%viy 
emerging fields, sudi as artificial 
intelligence, and will be applied 
broadly throughout the civU 
economy. 

Altho^igh the VS, pioneered 
integrated circuits, foreign 
nianulbcturers now dondnste 
production of commercial 
{iemiccnductor deWces and have 
rapidly Implemented new 
technology, including VLSI The 
IX)D VliSlC and MIMIC prcgrams 
arc promoting significant advances 
In VS. capability, and a recent 
industiy/govemnient program, 
SEMATSai, is helping to ensure 
domestic manufacturir^ sources. 

It is essential that Ihmv Initiatives 
l)e sustained. Ma>)r new emphasis 



is needed so we can addeve 
improved design simulation; 
submicron scale device fabrication; 
enhanced acrcx^pace attributes s«ch 
as niggedness, testability and 
radiation hardness; advanced 
semiconductor materials; and 
interconnecting and pxluiglng. 

Tliese challenges can be met by 
key, focused programs deslgneti to 
cooperatlwly advance these vital 
areas. Without sudi imtiatlves, the 
U.S. may not addeve its essential 
technological goals and leadership 
will continue to reroAm with 
foreign interests. 
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A^VANCEMBNT INIUBITOKS 

^ m .ittxuiPc^'iU fiui(<«]]JafiBtf put»er(}itp 
^ -■ bc^v^rni U^tufsttrymud govtmment 
11 Nrs;t«€l of Mcw'tfchooloto^ wras 



V r»nUnurO ftdvaiim In »ubi>i!<r(H) proceM 

tieehtHAoiy 
ft M^^t raptd cdvanrr* In itMaufwrluHng 

procfwcv and t<)uipu)ri\t 
K Advauct* In tprclfk arcasi 4.i(rgrBtrd drrull 

wlrtni; board*, btillt-io tr<<T, ti*Au and ottirr 
advanced malrrials 
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RECOMMENDATIONS 

« Mnjor new «nplvisb on 

subrntcroQ prtxrss dc\Tloi»iiait 

■ lncrea'>cd emphasis on new, 
imjNDovvd mtteriab «nd ^ ' 
proce^ «uch «» gaUIura 
anenide and niperconductivity 

a rocused pTOgrams on: 
> VLSI paduiging 
. VLSI built-in test 
m GaA» nuteriAls, designitnd 

packaging 
• Interconnections 
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Comimter systems arc currently 
gcnmring more data tban uv cmi 
Withwt rignlfiamt gains 
in ^ftvare development, the sheer 
viJamc of Inforautton and the 
IncttJSlngcomplcxlty of computer 
systetns will become UabiMtlcs 
rather th*n «S8ct».^iwrtfore 
$oftw*x«» the hng««S^ ^ 
computer openition, Is rapidly 
becomJn^^^the key to the 
automilcd wortd of the Zist 
ccnturj'. The uUimate useftilnciB of 
such futttie projects is the 
space station and stratefitc defense 
sy«ert» v/ill be crucially 
dependent on our advanced 
software cfpabiliilcft. Further, the 
si-^cccss of a>-Xomatsd iactorie*^ isdr 
traffic control networlu-, banking 
lyttems and numerous other 
complex computer applioitioni is 
dependent on software for control 
and support. A vigorouv, sustained 
«>ftwar<f research effort ii essential 
to m«*t tne requirements ot ihe 
futur*^ 



Because of their in:enrclalr(bic« 
and ^trsotllity, some software 
tet4jnol<^ areas offer particularly 
high payoffs, Thcwr areas mdude 
support en\nroumcnts, very high 
level languages and computer- 
aided software requirements and 
dedgn capabilities. ;fhc recent Ada 
InitUtlve hds provided a 
foundation for making progress hi 
these areas. OHic*- importar.t 
software technologies. In tenns of 
their leverage on aerospace 
capabilities, are data base 
management sj-stems^ ninllilevel 
security and artitidal tntclligeucc 
(Al). Recent exi>erience with A I 
applications has indicated that 
major pa>'ofrs require 
combinations of Al and 
couyentionol software capabilities. 
This implies that greater 
investmenu In conwntional 
software technologies are neetlwl 
to realize fi Hy the payoffs from 
investments In A! «cthnology. 
Development of advanced 
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software tedinology currently 
lunilctl by the level of funding, 
the ilegrve of formal understandmg, 
die lack of focused research efforts 
and the availability of key 
pereonnel. While the United States 
is In the forefront of this ^ 
technology, majc*- foreign 
consortium- already exist, and 
IXiropean countriea are currently 
leading the United States in certain 
areas of software development. An 
R6«D thrust cenlcred on advanced 
software could lead to an 
orderof magnitude increase in '^c 
producti\'ity of computer S)*»l .nv 
and an e<lual decrease In error 
ratctJ before the end of the century- 
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■ L^rk of foctisrd (Irvrlo|>mcnt«l efforts 

In amirrair advance* l» M>f Uvarr st1p|iorl 
«iivIronmrnt« and vtry hljfh iwH taiT{^iaj;r« 
' lAck of prrsonnrl ikMh d lit t'Afioiu ir«-Iinoio{J> 
ilr«riopmri)l arrai 

■ IntrropvrabUlty |}ctttr«n Al 

and ronvrtitlunal M^nttarr raiNiblHlira 
» InrfTrrtlvrrcwprraltonhrtucrn 
«cad«toU and induetr> 

■ UOU tonuarr ar«inUIlio)i prAftlcri 



RKQUIRED DKVELOI'MEiVT 

■ i^rtttair for t>arailrl and dhlrCbutrd procr**on 

■ .SoHitaiv atipport nivlranuwiiU 
« rflWrnl fomui M>A»arr rapahtiitt^ 
« AuliinMird itonuarp K'lirrMilun r^pafiHJ 
a FonnjI prinrlplra fur tituilllcvrl Mmir{i>, 

data l>a»c Infrmtdn^ and prnof of rorrv^tn^ 
» At^rof^Mtv-orli.itrd xrry td^h W\rl la>H^i«^ 

■ ll> bHd At/roitt rntioiiai Hrr tyttetth 
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• ^lodemiM software wqulsition 
ptfactJcc* thxt)ij«h*Joint 

dcwlopment ' 

m- Rdhfore<sSolhvare Engineering 
^ Institute*! polc as technology 
transfer •gent 

m Create incentive* for »ciidcmia 
«nd industry to work 
cooperatively on different 
aspect! of the ttme problem 
or idea 

0 Expond'and reorient 
softwarc/AI RS^D program 

B 1^'e greater advantege of 
available software tedmolo©' 



Within 20 yecrt, advancement* 
in propulsloit tcdbnology could 
retult in the design of subsonic 
transport* rcqnlring 50^ less foci 
tnd filter ^Ormft with sustained 
NUdi 3+. ccpabUltj'. New 
propiil&lon concept de\'elopmcnt* 
are critical to future dcdipw such 
as tn advanced supersonic civil 
trtnsport «nd hypersonic or 
tnuisatmoispheric vehldw. For 
»pacc fli^t, Improved durftbiUty 
and performance capability of 
rod.et engines could enable an 
orderoPmsgnitadc co$t reduction 
for placing payloads Into low earth 
oxbit. Advanced technolt^ will 
also enable more vensatUe and 
cost-efleetlve missUc systems. 
Concept* already exist that would 
enable niany of he died 
advancements, but capability is 
yet to be proven. 

Current i>ropulsion programs 
Include the National Aerospace 
Plane (NASP), the Advanced 



Launch System (ALS) and the 
Integrated Hi^ Performance 
TUrbine Engine H'cbnology 
(llIPTCT) program;, llie AlA 
agrees ^vith the ^oaU of these 
programs and ^ i«ws their 
continuation c/crthe n^xt decade 
as icsBfentiaL HowTver, even thouj^ 
these programs wiM provide 
substantial benefit to aircnUt 
propuWon retlulrement?, they will 
not provide answers in aM key 
areas. 

>'or example, a dedicated 
initiative is needed for further 
development of gas turbine po\ver 
plants, the malnsta>'$ of 
ccmmenrial and military airtraft, 
and to explore the potential of 
much hl^cr fll^it soeeds. Rocket 
en^nc* also need acccleratctl 
development to reestablish the 
U.S. position of preeminence In 
space. Current and planned space 
propulsion systems arc base<l on 

20-yearold technology'. A sustained 



national commitment Is rcqxiircd 
to investigate »nd demonstrate 
ne\v designs tliat vnW beneHt U.S. 
missions. 

Ad^•ances forecast for both 
alrbreathing and rocket engme 
types make it dear tliat a complete 
reev«iuatk>n of engine 
architecture, fuels and materials 
must take place, yhc sdiedule of 
progress in propulsion technology 
development may hinge on the 
ability to fabricate complex 
propulsion sj-stenis from 
high'tempcrature composite 
materials. This Is one more 
iodicfllion of the critlcality of key 
technologies and the benefits to be 
gamed by focusing on their 
development. 
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y\CnVITIES 



PAYOFFSn 




1980. 1990 
AUVANCEMUOT INHIBITORS 

V AbMDte of natloiut pl»n for «dv«nc«tl cubtonir 
And tupcrkonJc conuncxria] alrcrtft propublon 

> Uiiav*l!*blUty of advaiuvd hl<2lt<4rmpcr*ture roateH«U 

C ttuumdent d«%fIo|!nmt fundi 

s Lackof»tclllfdei>j{t3e«Hi){ircAourres 



2000 



, REOUIRBD bEVELO^^^ V 

■ TUrbooucIiIwy ^ /* ' * 

• Combtutort/Augnmitort 

R tnlrts tnd exhaust lyxtmu 

9 ContivUf «ecK«<trics «nd m<vlunfe«I •)^eni«> 

* Advanrrd autottMf cO ttKihods 
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(^>ntinue plaiiiini trthm»!()'^ 
Kij** prx^-aim for IHIMIJ. 
\ASr and hli^ll s\n\\i 
cx)ninirrcial tranvjxni (HW'D 

Pursui' iifw ami iaiiov.iti\c 
niatcn.ll fonm and prtKx-ss^'s in 
all tcnipi'nMurv ranges 

Develop knowlisigi !>.ist'<l 
computer sv-stenis for 
pmpuUson .»pp!ieations 

I K\pbit teehnoU^' 
(ieinumtra(or vehicles with 
challenging s>>tci»s objeetive as 
a key development vtrjteg)' 

I Develop ad van ml autoinatwl 
design, nvtniifa^iiinng. test ?nd 
analysis methods 
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f^kOPULsToN .SYSTEMS - ' 



PAYOFFS 




■J9B0 ^ ^-i. laao 

AD\CANCBMBNT XNIIIBITORS 

\€ P«mlv«d'AitrditiIc«tb'nMturr 
_ a^XoAchNjott* dcyckopmrnt (Umlt 

\0/Lidc«r«U«Uli>ctl «upport and «p«cl£k<» 



RKQUIUED DEVELOPMENT 

M AilvanceJ «ulotn«ird i»r(hod« 

■ CmlHtrivrti dc«I|^ mrlhodi 
a Improved iiu(ni*U 

9 Iniprovrd nutnufftcturin^ mrthods 
B Nondr«lr\i(1I> r irMing tcrhni<|uM 

■ TKhnototOr drttMiMinitorK 
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Rrx:OMMENOATlONS 

m Rccstal>lish a lulional 
commitment to foster the 
sdvancts ncccswy to maintain 
tcctmolcgJcal exceUencc 

s Expand national propulsion 
technology programs to 
sdvoncT wwlytlcal an<I 
ct>mputitloiuiI methods 

R Invxstigite new materials and 
fuels, methods of manuiiKture 
»nd lnq?«tlon tcdmlques 

■ sipandheaJthmoifltoriiigand ' 
contrd systems to enhance 
low<ost operat Urns 

■ Investigate combustion 
phenomena and advanced 
heat-tnuisfrr techni<tue$ 

H itst engine demonstrators to 
verify technology gains 

> Ocvelop advanced automated 
design, manufeclurii^, twt and 
analysis methods 



AL\]OR BENEHTS 
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As ll)C oj>eratioiMl cii\iroj)int'nl 
bct'onirs llu^v.^'!ln^j^\' complex. 
sriivM^ will h.ivc to dcliti atid 
relay morv and more »if'jrindtu>n 
relati'd to fliglUiMth select ion. 
Ceilainly fmuiv .wairfos imply ,t 
critical nml for more ct?eiti\r and 
alForcUble sensors Strau^jic 
fcystenus including thr Strategic 
Dtfeivst' InilUtivc. demand -Elisors 
that automatically dctixt and 
identify very dij>tant tluvats. For 
8ur\'ivabilHy of »ircrafl operating 
at low altitude, all threats must be 
sensed, recognizeti and eoimteml 
autotnaacftUy or jTiesenled to the 
pilot for vcriflcation and 
iounrdlately counteraction. 

Advanced sensors can aid both 
commercial and nUlitarj* aviation 
by providing increased fligjit wfcty 
and peifonnancc. FurUier 
development oflhb tcchiiolog>* 
could also eiuble the design of 
uitich lij^ter wei^t, more 
affordable and reliable onV)oanl 



c(]uipiii.'iit for.'« \MH'X\ ot 
api luation'i 

.sigDifuant adx.uut^ hwv 
mvPtU l>ctn m.uU' in lx)ih 
hij;i.p<Ttonivimi' intnuid 
dctitiors. >-a(br tnins«'i\tT 
cf)tt)]>ont'ntii and lay i h'iw>i"5> 
Pnxilof amocpt work iiectl'i to 
pnxi-ed. Iini«x)\ scti<«)i arr.rt s 
iia\(> not \et been pnxlumi tn 
prat rnougl) numbers to 
»K"airatel> nuasurc thi'it- it iMinlily 
Tot those a)ni|X^iu'iits to Ik 
broadly n^e^i. profluttion cost^ 
iniiM Ik* .signilietintly dt^u-ased. 

rjnphosi<> Ls being placed on 
linear gallium nrsi'nidi" througli 
the MIMIC pro^n, anti inlr.uxxl 
baslwen higJiUgJ)t«l by the 
DufeiiM! l*rojects Engnieenng 
Stamlanls Ofllce tluiist. Howevor, 
a n»it)nuing focui is rtxiuiretl 
across, a broader fnwl, i^ixxially 

in infinrcil and fuMxl senv)i 
•.ystems. tosei-o- and wndrn our 

tiiitiati\T 



(oiDjvami to tlu' Wwi orvnxir 
ttxhnolosv' dt'M'lopnient h-^ld '.a 
se\er.il othoj nujor world ix)Wi'i>, 

(ie\i'lopinrnt u. lagging Poi 
example, .as -i i-esuh ot achamvs !n 
!R .u'd radar seiisov titlmologies 
made h\ Praitcv and tiie Unite<l 
Kingdom, we no longiT b.ive a 
n)Uii)etitive ctlge %\nthm NATO 
I he l'> ii.R aud certain other Iron 
( uilain countncs aniuunuxxl 
MgnilicaiH b «»aktlirough^ tii other 
sensor tixbnologics in the earl> 
]Mrt of tbu. dcca<Je: they liave since 
haltiM publication of their 
research, but we must asstime that 
ihey arc at least e««npeiitive. If the 
Ihiiiwi States i» to Ik? a leader in 
military and comniernal senswr 
d*'\elopuu*i)t, iminedlstc emphasis 
must Ih? pluxHl on thij. tcchnoloj(y. 
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ADVANCEMENT INHIBITORS 

n M«t «y*lnD* M« tnordabi* oi»Jy by 
ihc gov^riMatnt 

»up|>llrr iMralmrat 
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RK^UIREO DEVELOPMENT 



■ CilciultY rMcarch on tuatcrU) and 
rfcv ice pTDrrulnj; 

» Dwlgn for pruduHWUty 

find nuuufkcttulnje yltld ' 'J" 

» r:AD tooU tn tnmrr nrtMlim- tutxVM 
" Auioiiiatrd niamiftf iiirfti^' and In prorfM tm 

■ Muhisriisur ftu^d vyMriiM 



KUOMMIJN'OATIONS 

■ \h \ elop advanm! ^>'^1H»'' 
archMfclurv (UnxlwJ H 
nujln^f nsor wlulioiLS to 
(>\ rrcomf Uwi' li«n»l.ilions of 

• IX'M-lop miilliapplJcaiion 
nucro^vavt^nllUlnK•It■^" •^^ 
intcpalitl tnmni!> rwlrtl to 
supiwii ihr nuilllM:ns<)r 

■ Develop inuUi.ippl>wtK>». 
h)gh j>erfonndiicc foral plane 
arrays bas«l on rccrni 

w Lxplorc am\ broaden hmuo; 
sj)airal limns Ix vond current 
aiftii.. mchubng future 
break througl»s onnoiwtwl 
throuf^i cievelopnu nts >n 
iDgh-leniixrature 
MJI»ercombctive matervV** 

■ intvrporate the new arrays and 
integrated cireuils into 
iniegratetl avionies svstenis for 
stealth. fon«e multiplication i«d 
afibnlabihty 



.an^^.^^^lorI^latI.HUn e^iJ»u^f^ ; . »\ r : 




■i.<S«UiW»-riAt; , 

" ,ijW^^ln>;Ml'* 
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C^rlv in tbo 21hl irntiin. 
arrt>s|M<T intonnainuj pnx.x'viiii}; 
rcq\ihYnu'nt"i ni.i\ cxtxxxl tlu- 
practical pfi1onnaiux> .uui 
i\lMbili:y liaitts oi a>ii\i-niu)n.«i 
tleiirtmii'v Inrtiinaiilv. tin- us*' of 
opiical infonnaiioii pnxi'vsmg. xs 
cvn>jxufti t" mtrt'iit i')ixin>ni< 
nietiuKLs. «iHTti*<l to pio\i(U* .i 
t}u>iiMn(Uu1cl nupix)^ cini'Ut tn 
]>edonnaiur niui }K)t.Ml)l\ 
rfiiabititv is Wi'U. 

Optical infdrm.itioii prtHrsMnfi is 
c^omt* niwJ wiih ihi* storage nn.'l 
maripnlalion (jftlMv! bv {'pliial 
i|pvu\"v thxs. fecliuolog> >iichnliN 
Mgiul, iiiMtgr, lumu'nctil (i.ita aiui 
syir.bohc iinta ptXHVi«snig Chv 
koy to thi^ new {tthi)ol»}0' i** 
tlu* usf ol bt^ii as opiK>st"<i to tlir 
ihargcii *:let*tmn flow \i<n.\\ id 
ixmvi'iitional I'Jutronics. Uir 
tlt^ronidgiietunlA' luiiiAil liglit 
jMrticlrs. or plio '>ns, iiio\o nuu li 
listi'i rtud art' ni)tiffrf1i*<! l)V 
t'lrctmnwigtirtii* imcrfi'fX'iur or 



stnmg elixtixnii.^u'tK pvil*^'s 
sincv \ii1inliv all tvjH^ of fiitiuT 
.in-osjMir M-striiis will ix^iuux' 
•mi ' f.\stri n-al iTiiu' inf()i"i.iuo') 
pnxt*wiiig. optiiiil nifoniidtiiin 

piXKVSSlSlg IS ofglulMl ITltnx'St 

(^irmil tixlinolof^i (U'vclopjiifnt 
IS focusing on tuu .ippixvKlu>s }ui 
the ui'iti tonn, opt(K*ln.tnHurs. a 
bU'tuI Iff optuttl mrtluKlulogU's 
eU'ilronu nK'th<xloloi(u*s and 
t)p(u*.4l intt.T(x)[)n('(ti<)ii ti'rhn«pics, 
ottci's tlu' {x>tciitidl o' a sin<x)th 
Itihiioli^c'^at titniMtion tn)ni 
cli'iin/nirs to pure optio lor tbc 
longi'i tmii, hrrs arc' 

working on tlu> cU'\ I'lopuu-iit oi tin 
"optical transistor." Ihis licviti- 
\ult fonn the Uims for optual 
intcgratwl orcuits anil mcnion 
iiv\ tecs. 

Recent .ui^.«la•s in the tliivc 
^najc'r aivos o{ ju.itenals jtuI 
iiv\ ux-s technologj. algonthm 
ilevelopn»en< aiul s\steni 
aTxliitectnres shoulil lulj) to 



pixKluu' machines cajMhle of 
gixMtei inloniwtJon procc-ssing 
i.t|>ahilit\ m tlie next #ie\eral \cmin 
I he su'xfvslnl mtcgn^tion of 
optieai <lat.< piXKfvsors nito 
v-onuncrcial ami nnhtary s\Men\«« 
V ill c!e]K'n(l hc'.i\ily on contimiec! 
IX sr.irrh With an increase in 
rt'Mnnxx's, the dexelopnient tune 
cxnil'l 1h' n'ilucicl hv or 
inon' 1 his couUi pnn ide an 
opttM-lccti'Mnc y>lution wiihn. 10 
\ ,\\r\ aiul an all-opticil sohit n 
wnliin ^0 veai'^. 
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AcnvrnE$ 



PAYOrFS 



o 
I 



CO 




ADVANCEMENT INinBITOKS 



RrQUmCI) DEVELOPMENT 



M T^hnk«l in«(urattoD 1* tivw 

m Cttiiozaat tSoW to Kce^A 
M Itttfikkttt tcthnoljQy tr*n)fcr 

n toinjttny ttnda to "do their own thin{{" 
» DOD*&ttr«ntr<rtolndustr>* 

a CMutnKtioii otdeta rooni f«lllti« 
shori«|^<MC«kin<d engineer* •ndtr<hut(t«a( 



» Sp^rdtllrf d matf rUl rompouodn tvlth tiottlinnr 

opttrml proprrllf « 
• Creation of optlcAl •y«tc«n arrhttrcttirr* 
■ Innovatli'Ct lowKtMt AMnuf«r1urin|; mrthud^ 
u slmplined rrfMir mfthod* 
a Nnv« Innovative dcv Icr/rotnponf nf design* 



ERIC 
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RECOMMEND AnONS 

■ Increase Rfi»D cmplwksi* on both 
optoelectronic* and optical 
Approaches 

• Develop skilled tminMi 
resources for all levels: R&>I)t 
engineering «ttd nuniUacturing 

fl Attempt integr.ation with real 
gystwvs that require optical 
InfonmJion prcxming beyond 
the capabilities of conventional 
electronic processors 

E EstiblWi and prioritize re*J- 
^em requirements that go 
beyond requests for "more 
speed and parallelism" 

n ronn private U^. consortiunw 
to address spedfic technical 
l«isue« but with direct tics to: 
» Key tX)» agencies 
• Key technical universities 



MAJOR BENEFITS 
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iiitclhgrmv (AO to be thi- iiicxl 
j»\()Wl tctlniolog; <>l lliiMviuiin. 
Ihf siKxx-vNot iiunv V s dFoMN is 
deiR'iidiMJt uiH>n i-oiuimii't^ il>,il 
evaliwn' compU'v Mtii.imm^ 
iSioix'fiur. thv i>n)«pvv, of Al 
tlr\dnj>«icnt i nun.il 

Ilns rtd\.iiicvil (I'chnoh'K)' 
omct UuHl with nniiplK.iUtI «Ku,j 
prtxY^iSiUii problcius .iixJ llu- 
dovclupnit'nl df probU'in vnUmg 
c.ip.ibiltlKS th.it I'laborjU' on .i 
inodi'l o! human nitdligi'iuv, 
Al (t)» ITS a miiul;<fi of 
OHupntiM-KxH'tl aidvUu's, our ol 
tho nioM (x)nun<)n Ik uig tlu' <ii'si}?» 

itnnputnig U'ibnitlm*s rcquiix**! 
iMHirs of bUn urns pnogiajuinin}; 
(() laid (I <Iata Iw^ u Hh -iH jKx^iblc 
solutions In i'.i<b problem, !ii 

((Hb\ S l'X|HTt .>\>U'MLS. (tlDlJlUtriN 

st'U(1«! kuo\\K'<lg»' fioni miv 
or inoiT lunu.m i'X|H'i-<s to solve 
pf»!)l»*nis 111 nimli <hr s.^iiu* \vd\ 



.15. .1 luuuan iiiighl Ihi on)\ 
(Ir.mlMck IS tb.tt such .« s\sti in 
<)nl> iiMiMs* Jn)iii uru lunnaii 
mpul 1 iitim' Al svsicins u ill Ik* 
idjwblrol iiKuliuu luriium. ilicii 
(ht.l Iwst's will 1k' itMltlllUOUslv 
iiixl.itrd b> lli( ouUoiiicot tiu-u 
ou'U pn>bU)i> Mih iiij; oiK'l.ilioiis 

IIh iiii[).ut ot Al tt.liOoltnO <' 1 
Ixuli uiilit.in ami u\ilun 
.irn>sp.uv svMonis will Ik- 
(t)Usi(ln.ibli' MunwTi prtKliu!i\it\ 
\^ ill Ih* iiuu'aM^l. ^\^tfi)i 
jH'ifonii.Dut .uid iHi.ibjlii\ wiU 
iinpio\f(i .iiul liU' 
U- ir'hued m thr iiiin ot tin- 
aiitui\. jppli<'»t«ort'' ot Al .iiv 
4'\|H'Util to rc\oluJioiii7(' .1 vaiut\ 
O' aCUJSJKKf pitKlutis. ,i> wvW xts 
lb 111 wbuh thoM* pixKlmts 
,tsx in.tnnt.KtMrtd 

Apj>Ur.nions ot Al t<*(linnl(«4\ 
.ov h»,»Mlv (l«'{Hinl«"U ml iUt 
a\<uiabilU\ ol olUrr lUwU 
I i:u'rj?ii^ Ki \ m bnolo>o»">. ''^x 
,is .i(5\.m<r(i (tmipoti'i soMw.uc 

Orr 3 
CO 4 



Al unll also Ix- vnsm to rnpU'iiU'Ot 
with loithci <lc\dopuu'Jit of 
iouipotcrh.iulwarr. vrn ln>;< 
s<,iU intcjp'atod iimntry and 
optK.il nifoMiuUion puHYvsnii; We 
ll(>l>(l to eiUTOUl.tgC luiibiT 
.uK.uia's in Ixitb itmipuling 
li.inKv.in' and lluxJrv. .i> wi-ll .is 
(!r\<lop dfiuoiiMiatoiN to dluMritr 
A I rfppbcabibt\ .»> thr inhnoloyjv' 
nuivfs troni tln-orv to pra< tier 
IH'spjtt' stmnf? I haik'njiji's fiX)ni llu" 
S<i\icts .nid {lir Jajvinevf. the 
Tnurti st.it (^s still ni)ovs ,i li'.-\cl m 
this trdmoloiO. bvit wjtliinil 
fixiisui .{ttfiitioti this lead udl 
untioiibti'<il\ (hsdpp'Mi. 

I 

I 



ACTivitres 



PAYOFFS, -.^'-p^-^^ll-i 




ipeo 1000 

ADVANCEMENT IMUBITORS 
« tntufllcWntknowlcriitrorhuRUin 

« >*cw At («dmoJoj{tM wifTtr IViMHi 
' ^ *J[;nprtdk1«blc pcrfiT^nULftce 
K tAck of dnljpn KoolU tlutt>ftd to he 
^^^C j^dmk^fd and pn>vf n 

• DiOhmt rlik pcrcq)tl«u belu^c^n Al 
•nd ^Kcm drvtlopcn 

• fWvcf^gitncc bdw<«n ACftdfakl^ tad 
KxcKucadnnle trdtsoloi^ ttttnh 



2000 



to 



RKQUIREI) DEVEtOPMKNT 

a Jl(nrvIUbl« Mfltrare v«]ld«iion nwlhod* for 

M Advanrrd compulrr lyNtrm fur probleoi 
formulatioiif, solution * ritgn «od nofttvart 
dc*\fin, drvclopmertt 1 ouintrtunre 

■ Improved technUpirt for modeliuif «nd proctMlng 
InfomtAtion ronUmbul^ by unccrOlnl^ 

■ Softuarr rApabfr of ronimor>««o<« reiuwmln^ 



O T" 
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renurkAbfy cn^r'tbe.psk' 25 years; 

ctfibtlopn^ff of for ^ , 

new ii^W ttftift^^^ ' 
predicted )>cc&as« «h^*pmUct1oa 
. mcthodt>li)^'totl ilmuliticn ibi*- 
comftex »ji(emji is rtiU too ^ 

nbcat (^nnianure;moae« to 

. during tyrtemdwlgsr^ » " ^ 
NTethmWh^csWe n<^^ to 
des^ ^ecUV«; cnvirortmental 



elcctJtmlc.techiioI^gln 
to tWste^ciiuni'arc 

- increttai.tbe ^lifiblUty of c6n?fi<x^ 
«y*tcms:. 

T^y, t {enfoW iiopromnSrnt' " 
cfta )» 'achieved la"«U»bni^; bm : 
thtf pHcc 1s,KJsH«' In\%Mcc and 

'strategfcappUcitJoffli^ for example, 
componfdU go' through citcmlvft 
'«tiecning;^VpccW pnxludion Unc« 
•«xt ejlablkicd^' lenglhy testing 
procedum line empIo>ttl"iuid 
multiple ttdvJidsiUif ii uscd,*^'^ 

gMl of thii hey f cchhology , 

■ 2S8" 





to 
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Acn\TnEs 



Supportinj; R'chiiologk.s 



Syxtcais «nil Arcliifvc(itre» 



1080 



VVHflciitlon Metliodolotflo* 



1900 



a fX,>*tnuln{( drpcndcnrr upoti wwtly iinct 

nuiMvi* rrttundacxy 
» U<kof<tu»ntA«iIvruniIrnUnillnj{or 

rcbllotuhfi^ bcttvren rrltAbUlty and etivlrotmiriu 
a Mlnv^ystms mtin»£emcnt phllc»o}>!yv* va. 



PAYOFFS 



to 



REQUIKEO OKVELOl'MKiVr 

« Purka^ng «nd nMrnufncturint; trtimolofiy 

(tf.jf,. S«T, VLSI. VILSIC Mnd »II*IIC) 
« Alciltod* for drfti;;nliij{ and («vtin|; tnwttve 

» Itanttvarr and toflwurr Htllvu* modfU «nd 

ttstrm rrllAbUity prcdkflon in«tbodoto](^ 
B AdvAnml CAD tools for •ItnttUiilon 
B N*irH<alln£ Kud •utoAMlffl itMlitlnutiCir 



ERIC 
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AlA studies Suggest ' 
induKtri' tniot exhibit slf&ngR&»D 
(alliitivcs «cd boW ^adtrhWp If ' 
' Wtr are torcigaiVoujr.natUKul 

«qfo!^;->i im^i. By Industry 
^jcnsiu , ifw^ A^fwitS that the 

':^tft^b:^Iogl«^mf^ , 
\Jbaw& cCGwrtlb fl^^ 



' Hie key technology' program 
will require Ixoad support fixrni 
the guvernmrsf, «» well os 
indiuitty «nd.ACiK]cml9l 
Intwxhange ^th $ucb agendrt *s 
OSfP, NASA and DOD Is cssenilftl 
to the socTfss of this cooperath'e 
mtiraulrffort. 



Following toxmtX acceptance of 
xhe progTuTj, review teAnw wouW 
cvaluete detafled roadiitapi of each 
key tedinojogy tc determine .the 
most effcctire and appropriate 
actions to be taken. 
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^ t ^^^i^^^^^^l^ilj^ J"^^'^ if th^' are 
J^^'i^^^C??^]^^^** ^ e<x»w«ny and 

y ^V«iad^jS>g^^^ alone; If 

^ r> «HU»ttideaiU must r«itu'jhc 
r/i^.^ rli^n^ ooop^ and 

% ''^^^oiUlfia^ focusliig of eflfort. 



ERIC 



'I euchtai oi^tmlscd natloruU 



lb the acrcispacc 
devclfopment is Hic 



sec three major ) ^sults 
potfatUl psyofiA of 1 lutiomilly 
fucuMxI tcdinology p'osiTftni. 
tinttf there wUi obvi 7usiy be a 
tnaPe mptcl maturati 7n qf 
prtMy tecHnoh^lts. Sccondt 
fKTttw* andmortcohetti.**' 
pollcita whVbe eMlabtUhtd to 
etihante ?ftr <m<lrr national 
tectmologj/^ dextlopment 
prottts. Finall}\ markedly 
BitpeHor^ new products will 
Urcomt rii'aUable by the turn 
cifttte century*. 



Only if gpvcminent and iodustsy 
move pron.plly, as incmbery of a 
icani, will three stalemcnts Ixrcome 
realities. 

This b a lang^tenn cflbrt, and 
nwre than a decnle will pas» 
before most of the major 
(edinologfcal bntefits ai?e available 
10 new jwoduct*. Considering the 
rate of their technology exp(mi<^, ^ 
the podtioo of our ibreign 
competitors in the world market 
will most likely continue to 
improve. The Aerospace Ttchnical 
Council oflers immediate 
leadership to initiate end sponsor 
jomt meetings l)eltveen 
goventment, indtistiy an J 
un'versity represcnt»tivfts. If we 
aiv to accept this inteniationai 
diallen^*, a d>niamic and 
coopervtive ne^v nutloital effort 
must be initiated ixnmedi^itely. 
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lb meet iUe goal of rcjjainin^ worldwide ir,S, aerospace product 

rforfty the turS of the century, the AlA Aerospace 
It'chnical Council recomniend?* that: 



• A national awospace key technology program, led 
bv Industry, endorsed by government and 
supported by ncademla, be imme<liately undertaken 

' All parties should assign hlgli priority to tUs 
national program, at both policy and technical levels 

• Cooperative w«V8 should be sought to fodUtate and 
encourage this unique technology development 
effort through new actions and approaclies 

• The aerospace Industry' should provide its coUccth e 
design and nianufacturinj^ exjHiriencc and Us 
long-term focus on international competitive 
challenges 




strategic focus on key technologies is 
critical to U.S. leadership in the competition of 
new products in the global marketplace. As a 

natiortf we must get started noii'." 



r»on Fiicjun^ I'z*&sidcnt 
Aerospact Industries ASvSoclatlon 
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YMERSAlS: Dcvtlopment of advanced trchnologies is key tc thefiiture global 
competitiveness of VS. aerospace productSy and 



y¥¥¥}] R¥^A S: The aerospace induatry has declared its firm commitment to 
Jbater and support a bolder national research and development prograntt and 



fSSER]BA.Ss Immense benefit to U.S. national aa^urity and international trade 
can be realized through a cooperative national tevhnoJogy development pro);ram 
endorsed by U.S. government and supported by academia. 

MoWy THEREFORE^ EE IT RESOLVEB: That the Board of 

Governors of the Aeroepace Industrteo Association ofAmerda hereby endorses and 
supports the proposal for national ojfion initiated by (he ALA Aerospace Ttchnical 
Council and entitled Key Ttchnatogfeofar the lOBOa. 

Me ST FUSITMEK RESOLVED: That the aerospace industry wUl 
provide its avaUcd>le resources and leadership to work cooperatively with government 
and academia to attain the Kry Itch^toU^^ ^ th^ A»b^ goal of ensuring worldv^idc 
U.S. aerospace product superiority by the end of this century. 



VixanlwniMlY adopted by the AIA Board ofGovcmot^ !fj^vfhbcr 21, 1&S7. 
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Rockot Propulsion Technology Rosdmap 



FOREWORD TO THE 
AiA KEY TECHNOLOGIES FOR THE 1990s 
INITIATIVE 



BacKarflund 

The United States tochnologlcal superiority In aerospace products and military capability Is 
being severely challenged. Although the Industry has consistently maintained a substantial positive 
trade balance of over $10 billion In recent years, aerospace Imports are growing rapidly and 
aerospace competitiveness Is eroding. 

Our nations! defense requires affordable systems end a robust Industrial capability to support 
It, Our national economic woll-being depends on Internationally competitive, high-quality, techno- 
logically superior products which create Irdustrlal health leading to more Jobs, a larger tax base, 
and positive trade balances. An Important and viable option for achieving these goals Is a bold In- 
novative national aerospace technology develor'nent program which builds on the technological 
superiority we now enjoy. 
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Rocket Propulsion Technology Roadmsp 



•Qio At A Proposal 

Thd AorospAce Industries Association (AIA) tnlttettve, catldd Koy Technologies for tho 1g9Q5. 
proposes a threo-pronged national strategy wHh the goal of ensuring U.S. technological superior- 
tty In aerospacd products and mintary capability woO into the 21 at century. The first element of 
this thrust Is to create a coopera«ve national effort among Industry, govsmment, and ecademla to 
focus on the development of selected key technologies. Tho second is to cooperativoly mold In* 
novativd policies that will stimulate technology development and facilitate Its rapid application to 
n»w commercial and mlHtary products. Tho third element will focus on devstopment of methodolo- 
gies, toolsi and disciplines required to Increase the competitive advantago of om technology base. 
AIA Is committed to a leadership rdo, worfdng cooperatively with govommont and universities. 



Rocket Propulsion Technology Roadmsp 



Key TgchnQioafas List 

Over the past few years senior technologists in the AiA nfiember compsnles (representing 
over $100 billion in ssios In 1S87) reviewed over 100 technologlrs for future fipp;icatlons to 
systems. During the pwt year, they schleved & consensus on eight key technologies which 
have the greatoet potential for Increasing the technological competitiveness of the U.S. These 
eight technologies were selected on the basis of highest leverage, greatest potential peyoff, 
and broadest application, both commercial and military, if national focus can be alined, arKf 
If they can be protected from severe budgetary perturttatlons over the long haul, these eight 
key technologies wlil result tii markedly superior products for the global marketplace. V\oy 
are: 



AIA representatives have prepared a rtraft Roadmap for each of the eight key 
technologies. Wortdng with goventment and university ri»presentatlve3, the Roadmaps are 
being validated, and then will bo rotlned Into Technology Development Plans. TTiese Plans 
will give a Joint perspective of the state of each technclogy. the plans for progress, re- 
sources currently being used, and those required to meet fuiuro twals. 



Composite Matedals 
Very Large-Scale integrated Circuits 
Software Development 



Propulsion Systems 
Advanced Sensors 



Optics! tnfonmatlon Processing 
Artlflda] fnte^gsncs 
Uttn&reOftli^e ^ctrr/nlc Systems 



3 
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Rockdt Propulsion Technology Roadmap 



Imolementatjon 

MA envisions a long-term effort to emphaslio national devolopmont of the Key Technologios 
for the iSSOs. Concurrent with the Roadmap evolution, a Joint policy level group called the Aero- 
space Technology Policy Forum will oversee the technology team efforts and rovlow regulations, 
poPcIes, and legislation neodsd to facilitate technology development. 

AlA needs and solicits strong legislative and executive department support for this program 
for national action. TWs proposal builds upon the technological leadership of the aerospace 
Industry. U.S. wortdwido compctltivenoss can be meaningfully enhanced if loaders of Industry, 
govemmont, and academla all work together toward renewing the national «Plrtt of cooperation 
and partnership. Tho challenge is to make such an organized national technology development 
effort work as never before In peacetime. 



Rocket Propulsion Technology hosd^nap 



ROCKET PROPULSION 




ROCKET APPLICATIONS JN THE 2l6t CENTURY 



Orbit transfer vehicles 





interplsnatary vehicles 



Hypersonic vehicle propulsion | Space station/satellite steorlna 
and steering * 



Air defense missiles 



" Heal missiles 

Strategic defense weapons Hypersonic cruise missiles 

Uunch vehJcles g A Tai,Wcai missiles 
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Rockot Propulsion Tech ology Roadm^p 



in Its simplest form, rocltdt propulsion U a type of Jet propulsion v/tiero reaction (thrust) is 
doveiopod by the momentum of ejected matter. As contrasted to gas turt>Ine and ramjet propul- 
sion, rocket propulsion carries, as an Integral part of each system. Its required fuel and oxidizer. 

The majority of rocket propulsion systems can t>e subdivided into two categories: liquid or 
solid propeilant. This Roadmap deals with each categoiy ooparateiy. While both these forms of 
rocket propulsion share common cjjectives, their technology needs (except for some common 
materials) are different. Other . ^rms of rockot propulsion, such as hybrid propulslon-combining 
various aspects of both solid and U'^uld propeilant rockets-nuclear rockets, and coniblnod-cyclo 
systems, are not covered. However, the solid and liquid rocket technology gains will benefit other 
forms of rocket propulsion. 

Since the early 1970s, most of our nation's rocket engine development programs have beon 
forced to develop and/or validate critical technology during the futf-scaio onglne development/ 
production/operation phases or resort to 1960s technology, which increased devdiopment, produc- 
tion, and total life-cyc!o co^iz, or compromised mission capability. National goals for space and 
defense or<ce tgaln will detr.and continued Improvement and development of rocket propulsion 
through the l&dOa nnd beyond. 

iho objective of both the Uquld Rocket Engine and Solid Rocket Motor Technology 
Roadmaps Is to establish and focus attention on generic, core technology programs which will 
yield validated design : J fabrication advances for the nation's rocket programs wlcc to embark- 
ing on full-scfilo development programs. Producing the needed core technologies In this manner 
minimizes the risk In future rocket developments. In addition, foreign competition is rosi and In- 
croaslng In viability. U.S. technology Daso support has eroded since the 1970s so that such sup- 
port Is currently Inadequate and Inconsistent. The nation's rocket propulsion supremacy Is now 
threatened. Obtaining core technology In this timely fashion also ensures that tho ultimate objec- 
tives In specific development programs of rt^llable, safe, high-performance, and cost-effective 
flight operation Nvlil be achieved and U.S. supremacy maintained. 

O 
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Rockot Prcpufslon Technology Roadmap 

ROCKET PROPULSION 



TECHNOLOGY ADVANCEMENT FLOW 



Generic. Core Technology Programs/'TdChnoIogy Base" (6.1. 6.2. 6.3A effort/NASA equivalent) 
= 1/^ 



6.3A Demonstration 
\ \ 

Validated Now Tech tologlos 

Propulsion 
System B 



6 Jemonstratlon 
Validated Now Technologlos 




Propulsion 
Sysvem A 





Full-Scale 
Development 


Qualification 


Production/ 
Operation / 



Concept 
Validation 


Full-ScaiD 
Development 


Qualification 


Production/ 1 
Operation / 







Payoffs: 

• Strong technology base 

• Reduce development risk, cost, schedule 
« Maximize operational success 



Rocket Propulsion Technology Roadmap 



ROCKET PROPULSION 



Activities 



Advanced Methods R&D 

Comput«!iona! F'uid Dynamics 
Advanced High Temporalur© Mod«llng Expert Syttom: 

ManuMclunng and Produclbllity Application 
Advanced lnip«clion Techniques 



Component rl&D 

Htflh Prcciure Rotating Device* 

Low Cost Noz2lei and Caies 
Hich Energy 
Fuel 



Low Coll Clean PropelianI* 
Compoiile Material* 



Engine Demonstrators/Validation 



High Pressure Oxygen-Hydrocarbon Engine 
Advinc^cJ Space Motor 

Low Colt Advanced Kydroger 
Bootter Motor Oxygen Engine 



Payoffs 



1980 



1987 



1990 



2000 



Order of magnitude reduction 

in cost to orbit 

Improved safety/lnsensitlvo 

systems 

Extended engine operating life 
(20 years) 

Reduced environmental effects 

Higher safety and reliability 

Improved performance 

Heavier orbital payloads 

(200.000 pounds) 

Low cost, low risk, shorter FSD 

cycles 

Strong technology base 
U.S. supremacy 



5S 

4^ 



Required Development: 

• Advanced automated methods 

• Cost- and relfabii!ty-drlven design methods 

• Improved materials 

• Improved manufacturing methods 

• improved ssfety^nsensttive systems 

• Nondestructive testing techniques 

• Technology demonstrators 
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ROCKET PROPULSION 



BENEFITS, APPLICATIONS, AND RECOMMENDATIONS 



Benefits 



Improved Payload/Range 
Reduced Maintenance 
Improved Safety 
Reduced Ufe-Cycio Costs 
Extcndod Operating Ufo/Rousabillty 
Reduced Development Tlma 
Reduced Environmental Effects 



Application 



Space Launch 
Vehicles 



Orbital 

Transfer 

Vehicles 



• 



Ballistic and 
Tactical Missiles 



• 

9 
O 
O 
• 



Space 
Interceptors 



On-nrhit/ 
Pit / 
Vehicles 



cn 



Recommondations: 

• Reestablish a national commitment to foster the advances necessary to maintain techno'ogical excellence 

• Expand national propulsion tecmology programs to pdvanco analytical and computational methods 
« Investigate new materials and fuels, methods of manufacture, and Inspection techniques 

• Expand health monitoring and control systems to enhance low cost operations 
o Investigate combustion phenomena and advanced he .t-transfer techniques 

• Test engine demonstrators to verify technology gains 

• Develop advanced automated design, manufactur ng, test, and analysis method 
o Davelop rellablJity- and cost-driven design methodology 

o Establhh "f pociallzed" national test facilities 

• Establish 3 national materials data base 
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Rocket Propulsion Technology Roadmap 



Safety and Environmental Concerns 

The echlovoment of national objectives for rocket propulsion requires that both futuro liquid 
and solid propollant propulsion systems exhibit improved safety and environmental characteris- 
tics In manufacture, testing, and operations. Th's will require an exier^slve effort and must oa a 
significant Itom In propulsion system design. The Pershing ii incident in Germany (January 198J) 
and the Peacekeopsr Stago I ignition during manufacture (December 1987) underscore the need 
to mako safety o primary dosign consideration. In recognition of such considerations, hazard 
analyses must become a way of iifel The emerging armed forces requirements for insensitive 
munitions must also be addressed. 

In many respects and ;or some orqanlzatlons, this will require a "design culture" change- 
the hazard analyst and safety engineer must be an integral part of future design teams every bit 
as linperlant as the structural analyst, thermal analyst, propeilant chemist, etc. 



10 



Rocket Propulsion Technolofly Rcadmap 

ROCKET PROPULSION 



SAFETY AND ENVIRONMENTAL CONCERNS 
o Material compatlblilty 
o !mpact/shock sensitivity 
« Friction sensltlvliy 

® "Fire" 8ens!tIvi^y ^ 

• Electrostatic discharge sensitivity 
^ ln-proco8S sonsltlvlty 

o Deflagration to detonation characteristics 
« Liquid propellant leaks and spills 

• Rocket exhaust environmental effects 

• Payload contamination from rocket exhaust 
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Ro»abi;itv versus **Co8t of Falture" 

Cost of failure Is the price paid ty ttio nation for l flight failure. TTicre ere sevdral major olo- 
mcnts of this cost other than the lost payload end launch vehicle. Failure Investigations, delays In 
continuing operations, correction, end/or qualification of design changes necessary to resume 
flight operation can t>e a substantias percentage cf the original DDT&E costs. TTiose facts of He 
wero clearly driven homo by the 1985-68 Shuttle and Titan 111 flight failures with the aggregate 
costs being measure In billions of dollars. 

R^llabtDty and cc;t of failure have a major Impact on system life-cycl^ costs. Avoidance or 
minimization of cost i^f fa;iure requires designing reliability into the propulsion system. Designing 
to mtnimlze or eliminate failure rodes must be en Integral part of each new system development. 
As with safety, tho refJabI2ty engl5»er must b© a patX of the design team. Failure effects analyses 
must help guide des^jn, not Just document possible problem areas. 

Although there are several reHablllty approao'es lo assist the developer, they are unevenly 
eppliod. Tho /Jr Force R&M 2000 program Is one effor'. directed at Increasing and Impruvlnj their 
«pp«c«tion. Successful "reliability" implementation wUi require "culture" changes. This Technology 
Rosdmap process Is one vehicle to fadliUiie »ucn change, without proper and significant atten* 
tlon to safety a.Td reliability Impfovcment, xi:^ value of ether technology effortf Is greatly 
diminished. 
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ROCKET PROPULSION 



REUABILITY CONCERNS 



• Material/manufacturing process variability 

• Tolerance interaction 

• Component interaction(8) 
» NDH capabilltleo/IImltatlonG 
e System environment 

® Aging effects 

o Damage/dofect/flaw tolerance 

• Rsllablllty design methodology, prediction, and validation 
e Design margins 

• Component redundancy 
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Rochet T .9, g hnQl<? fl y Prlvera 

1716 technoiogy drivers for tho 1990s aro estdbllshod from r-ojocted mission requirements. 
Specifically considered were mislons such as: 

• Low cost/high reliability launch vehicles 

• QrtW transfer vehicles 

« Sp3ce atatlon/satoiilte steering 

• Interplane; <'y vehicles 
o Hypersonic vchlcias 

o Hyperscnic cruise mlssllosi 
o Fast burning ICBMs/SLBMs 
« Strategic defense weapons 
« Tactical missiles 
o Tneater dofenao missiles 

Major driver wlH be, depending on mission: 

• High psrfonnance 

• Long life 

e High reUabillty 

• MuiU-pulse operation 

• Low cost 

• InsensltMty 

« Varlcbio thrust 

4i o ' ^ 
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ROCKET PROPULSION 



ROCKET TECHNOLOGY DRIVERS FOR THE 2l5t CENTURY 




High pofformanco, low weighti 
long life OTV propulsion 
with on-wttt maintensnco 



Multiwnodd alr-bfsaUUng rockets wfth 

zero-njgm-fsU»re retl«t>iuty, 

long Itfo. and hyporsonjc performcnce 

p3ua 

long life, high reitabOity stecfing 
rockets for hypersonic vehicles 




I On-^ft steering rocket 
[ performsnce for space 
stations/satellites 




Nuclear/c'ect/ic Interplanetftry 
propulsk}n with long Ufe and 
over twice the pt rformance 
of chemica! rockets 



Alr-t>reathing rockets with hypersonic 
performance end low cost for air defenf/O 



High reBab^ifty 
{zero-faPure), 
clean burning 
Uunch vehicle | 
propidston yfe^lng low 
payioid deliYory costs 



Low cost, low ti^ iture 
nuiniple-lMmi mL.les 



Low cost, hfgh perfonrnanoo propulsion 
and steering rockets ?or strategic defense 
miAsUes 



Variable thrust, hypertonic performance 
air-broathiing cruise missile rockets 
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LIQUID ROCKET ENGINE TECHNOLOGY ROADMAP 
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Liquid RocVot Engine Technology Rosdmap 



L?e»nltlon 



Uquld rocket engines are heat machines which produce thrust by burning liquid 
propellants |n a chemical reaction or by expoJIIng pressurized gasss which have been heated 
by nuclear reaction or electrical energy. 

Liquid rock A engines may use one. two, or three propellants. The two basic types of 
engines are prossuro-fed, In wtilch propeJ'ants are delivered to the engine thrust chamber Lv 
pressulzed tankt, and pump-fed, In wnlch turbine-driven pumps provide propellant flow for 
the thru Mors. Piimj>-/ed engines have many variations depending on the methods used to 
generate and route the flukte which drive the turbines. 

Key component* of all nquld rocket engines are thrust chambers, thrust nozzles, 

actuators, prepellant ducts, and thrust takeout strwrture. Engines may 
also Include thrust vector control (TVC) apparatus, engine sensors, electronic controls, and 
propellant pumps with drive turbines. 

This Technotogy Roadmap describes the needed core tochnologles which era aonerlc 
and applicable to aa forms of liquid rocktrt engines. The Roadmap alM includes technologies 
JO' chemical reactions of propellants (combustion and catalyUc devfcos), but does not cover 
me tecnnciogles for nuclear reaction or electrical energy heat sources. 

CompletJKJ and oncoino government studlc. rotated to advanced propulsion technology 
needs for future U.S. space and defense program* have l»en considered during the 
prtparatton of this Roadmap. 
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LIQUID ROCKET ENGINES 



DEFINiTlON 



Oxydlzer Fuo| 



I Liquid Rocket E ngines | 



Energy Source b> | Chemical [ Nuclear \ i^Electricj 



Combustion Devices 
Catalytic Devices 



All Engines 



Some Engines 



COMPONENTS 
injector 

Thrust Chamber/Nozzle 

Thrust Nozzles 

Valves/Actuators 

Ducts 

Structure 

Thrust Vector Control 
Sensors 
Controllers 
Turbopumps 




to 

00 

4:^ 
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Technoloffy AJvancgmont Flow 

Most of our nation's previous aerospace development programs have been forced to 
dovolop and/or validate critical technology during the full-scale engine development, 
production, and oper&Uon phases, which frequently increased development, production, and 
total llfo-cyclo costs, or compromised mission capability. 

The oblectlve of the Uquld Rocket Engine Technology Roadmap Is to establish generic, 
core tochnc!c<r; ^lograms which yield a validated technology base for the nation's rocket ^ 
engine progrrim? Qtisi. to embarking on full-scale development programs. Producing the 
needed capabilities In this ma tner minimizes the risk In future engine orograms, yielding 
significant bene'tlts In reduc&J cost and schedule and in safe, reliable flight operations. 
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LIQUID ROCKET ENGINES 



OPTIMUM TECHNOLOGY ADVANCEMENT FLOW 



Generic, Core Technology Programs / "Technology Base" (6.1, 6.2. 6.3A effort/NASA equivalent) 



6. 3 A Demonstration 
X \ 

Validated New Technologies 



Propulsion 
System A 




repulsion 
System B 



Concept 
Validation 



6.3A Demonstration 
Validated New Technologies 





Full-Scalo 
Development 


Qualification 


Production/ 
Operation / 



Full-Scale 
Devolopnnent 



Qualification 



Production/ 
Operation 



Payoffs: 

• Strong technology base 

« Reduce development risk, cost, schcduta 

« Maximize operational success 
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Technoloqfv Elements 

These elements constitute areas which will provide the high lovorago necessary for the 
advancement of this technoiogy area. System concepts exist to produce the advances 
demanded by the challenolng -nisslons now being defined. However, the sophistication of the 
rocket engine solutions unde.* study requires costly analytical techniques, making research 
and development (R&D) Increasingly expensive. Algorithm development io simplify the 
analytical ptocesses would greatly accelerate the entire developmsnt cycle. Similarly, new 
prcpellants and operating regimes have stressed our understanding of combustion stability, 
emphasizing thA need to coalesce fluid dynamic and combustion cnalysls, 

The cost cf failure and national pressure for fallure-frf/e operation of largo rockot 
vehicles demand that we assure the public, as well as ourselves, that now propulsion systems 
ore highly reliable. To do this we must Incorporate reliability into design, development, and 
manufacturing processes. This will require adaptation and use of statistical methods, such as 
those proven to be successful for automotive and electronic prodrcts, and a new emphasis 
on "fellablllly thinking" on the part of rocket design, development, and manufacturing 
engineers. 

Vn remaining elements are hardware-oriented, consisting of basic building blocks of 
liquid rocket design and fabrication. Although high-slrength, high-temperaturo, and heat- 
conducUvs materials exist, few are available that possess all three properties simultaneously. 
In addition to development of tho materials themrelves, determination of a brcdd range of 
properties is necessary to support the analytical processes discussed above. TSio seemingly 
mundane subiect of bearings and seals is, instead, a technology driver for the contemporary 
Uquld rocket onolne*8 hlgh-spee^, h ^pressure turbomachlnery. Health monitoring and 
control will apply electronic r.it\ sensor technology for self-diagnosis and correction of 
prefllght and flight anomalies. Fabrication processes, primarily conventional welding and 
bracing, aro no longer capable of supporting the Joining requirements of liquid rocket engines. 
Rnaliy, system components and Integration covers advances In tank materials, prossurlzatlon 
systems, and loading, chilling, and vent systems. 
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LIQUID ROCKET ENGINES 



TECHNOLOGY ELEMENTS 

o Analytical representations 

• High pressure combustion dynamics 

• Reliability techniques 

• Materials technologies unique to liquid rocket engines 
o Bearings and seals 

• Fabrication processes 

• Engine heaiih monitoring and control 

• System corr.pononts and Integration 



>C u 
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TochnotoQV glftmpntf:. Tronds. and Mil9?tQn9S 

The first three olemonts Involve analytical techniques, which, as they advance, extend our ability 
to try out Ideas on paper, allowing us to move Into the more expensive hardware activities with 
increased confidence. The thrust of this work Is twofold: to expand the application cf tochnlques 
such as reliability analysis and computational fluid dynamics, and to combine disciplines such as 
combustion stability and heat transfer Into an Integrated model. Another example Is the Intogratlon of 
high-tomperaturo nonlinear material stress/strain behavior Into finite element structural analysis 
computer codes. Currently, these are done serially, at consldorflble cost l.i resources and time. 

The next fWo areas are hardw?sre and Integration elomonts related to the temfwrature and 
pressure stresses of rocket engines and the system aspects of propulsion. As 'jng Ino performance 
Improves, the temperatures and pressures drive materials toward composites, ^"^oj"^ ««ed 
capabilities thus enaWod ovorslress convontional bearings and seals, requiring a shift to noncontact 
concepts which nvold the wear associated with rolling contact designs. The health monitoring task is §g 
Intended to enable real-time assessment of engine status and. ultimately, to provide for real-time <p 
coTcMon. A3 new materials evolve, Joining processos-welding and brazlng--are movUig In new 
directions to remain abreast of rocket engine requirements. The remaining elements of the propulsion 
systeraro noted In the fifth area and tholr contribution Is critical of the overall system effectiveness 
In the 1S90S. 

The validation element Includes the demonstration of technology devolopments In test-bed 
engines and components. 

All elements trends, and mllooosts shown portaln to technology development with current 
state-of-the-art propellants. The Key Technologies program will also Include an alternate propellant 
technology element which Includes slush hydrogen, gelled propellants. slurried prope.lants. high- 
eneroy/hlQh-rienslty propellents, and alternate state propellants. As alternate propollant technologies 
prove practical they will bo incorporated Into the appropriate analytlcaimardware technology element. 
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L IQUID ROCKET ENGINES 

TECHNOLOGY ELEMENTS. TRENDS. AND MILESTONES* 



TECHNOLOOY 
EL£M£Nli 



Pump/ Tuf bin* 
Row Analysis 



{Combustion 
Dynamics 



Liquid Ro<k«l 
M»I«rl»ls 



Bearing s 
•nd S««ls 



EnQfn* H«allh 

Moniioring/ 
Conlrot 



Propjiston System 
Comp«n«nis and 
IntvQrallon 



1990 



1995 



IB£NQ 

tner«as«d appiicallon «f 
eompuler-»td«d mod«lmg 
I«ehnlqu«t 

N»vl«r<SloV*s CFO eod«s 

O^v*!opm«nl of eouplvd 
eombusilon jtnd ga*- 
Uynamto analysts 

M«lal matrix for h««t 
transfer 

Hl;'i Strength composite 
turbopumpt 

Huld-tilm bearings 

Solid lubrication 

Near contact face seals 

Robotic* And adaptive 
conlrol 
Laser welding 
Ceramic Jolntng 



Low cost electronic 
controller* 

Engine condition monlloflng 
Ir legrated condition moniioring/ 
control 

Low cost hardwar* 
Easy assombly 
High reliability 
Low mair>tenance 



indicates eomptetlon oi 6 2 and • 1 elloft or equivalent 



2n /7 





72 T73 \74 X75 


576 ^7 








Aa 


A9 


^16 












^22 










18 A 20 

^24 ^25 V 


26 


/ 








^28^20 ^30 ^3l 


V32 T733 








/ ' 


734 ^35 


^36 5737 








A38 


A39A40 A41 i 
7 ^ T7 


^2 A43 i:^44 
\J ^ ^ 


/ 



Noie The above technologies wtil b* validated by demonstrat.ons in 
component and/or engine test beds 
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TECHNOLOGY ELEMENTS AND MILESTONES 



Analytical 
Ropresentations 



1 Automated Orid generation , 1989 

2 2D and 3D chemistry codes, 1990 

3 Integrated design/models analysis, 1992 

4 Advanced graphics, 1993 

5 Dynamic grid generation, 1994 

6 Nonlinear material stress codes, 1998 

7 Advanced physical models In 3D codes, 1997 



Pump/Turbine Flow 
Analysis 



Combustion Dynamics 



Liquid Rocket Materials 



8 Tlmo-averaged codes, id€9 

9 Time-dependent codes, 1993 

10 Improved turbulence models, 1996 

11 Direct design code, 1998 

12 2D stability model, 1989 

13 3D stability model, 1991 

14 2D code verified, 1992 

15 3D code verified, 1994 

16 Performance/stabillty/hoat transfer model, 1999 

17 Copper-X alloys, 1989 

18 Composite noz7!er, 1990 

19 High temperature metal matrix composites, 1991 

20 Composite propeliant vessels, 1993 

21 Defect tolerant design mothods, 1994 

22 Ceramic matrix composites. 1996 
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TECHNOLOGY ELEMENTS AND MILESTONES (Cont) 



Searings and Seals 



Fabrication Processes 



Engine Ho&lth 
Monitoring/Control 



Propulsion System 
Compononts and 
Integration 



23 Hydrostatic bearings, 1989 

24 Face seals, 1990 

25 Solid lube bearings, 1992 

26 Magnetic bearings, 1995 

27 Robotics, l9o9 

28 CO3 Iase^ 1990 

2ft Fiber Uansmltted laser. 1991 

3v1 Intf rmetalllc and ceramic iolning, 1992 

31 Welding In space, 1994 

32 Advanced laser welding, 1996 

33 Advanced ceramic Joining, 1S97 

34 Advanced architecture engines, 1990 

35 Advanced sensors/signal controOers, 1934 
26 Integrated health monltor/conUoller, 1995 

37 "Expert systems" controller, 1999 

38 Al rropellant tanking, 1989 

39 Low cost, torge scale propellant tankage, 1991 

40 Large scale electromechanical actuators. 1992 

41 AJ pressurizatlon ccmponents, 1993 

42 Integrated health monltoring/tmat bit propellant system, 19&5 

43 Low-g design software, 1998 

44 Orbital propellant tansfor devices, 1999 
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Technology Proloctions 

The technoiogias dicrussed in this Roadmap ere basically tools rather than end-Item hardware. 
However, those tools provide the capability to significantly reduce cost and risi;, and to Improve 
operating life, reliability, and vehicle performance. Unfortunately, In tho press of allocating limited 
engine program resources. Improved tools are often considered expendable because neither resources 
nor time are available to detennine requirements, synthesize concepts, and develop, characterize, and to 
demonstrate them to tho point of usefulness to the program. ^ 

POrtunatetyt these techniques and materials lend themselves to cooperative activities and 
development can proceed without association with any particular application. The activities cited are 
intended to simplify the techniques by which analytical methods are applied to a development project 
and to develop waya in which analytical methods may be comblr^ed to solve complex combustion 
problems. Such analyses provide Insights to the designers, with resulting economies In hardware 
fabrication and testing. The materials and fabrication process efforts pre posed will enable performance 
and reliability increases necessary for an order of magnitude reduction In the cost of payioad In orbit. 
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LIQUID ROCKET ENGINES 



TECHNOLOGY PROJECTIONS 



Tochnoiogy Eiomonts 



Application 



Benefits 



Analytics! Representations 



Pump and Turbine Flow 
Analysis 



Combustion Dynamics 
Liquid Rocket Materials 

Bearings and Seals 



Engine Health Monitoring 
and Control 

Fabrication Processes 



Strength and life prediction 
Turbomachinery 



Combustion stability and efficiency 
analysis 

Improved thrust chamber cooling. 
Ilgh^elght turbopump, composite 
thrust chambers 

Turbomachinery 



Reusable, long life engines 



Component fabrication, engine 
assembly and In-space joining 



Longer operating life, 

greater reliability, reduced cost 

Lower ilfe*cycle cost, reduced 
development risk and schedule. 
Increased reliability. Improved 
performance 

Reduced development risk, time, 
and cost; Increased performance 

Longer operating Ufa, 
Increased performance 



Longer oporatlng life. 

Increased reliability cn6 performance 

Lower ilfe-cycte costs; Improved 
reUablllty, safety, and maintainability 

Reduced production and operation 
cost, increased reliability, repairs on 
space -based hardware 



6ao 
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Beneffls and Applications 

U.S. tp^09 $nS defense objectives create the noed to develop a number of now Uqutd rocket 
engines for use tn the next century. ^ 

CO 

By conducting the Liquid Rocket Engine Technology Roadmap program In the 1990s, tho nation 
win be able to achieve the technical propulsion objectlvbs for our next century space and defense 
programs with the lowest possible life-cycle costs. 
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LIQUID ROCKET ENGINES 



BENEFITS AND APPLICATIONS 



Denefits 



Improved Payload/Range 



Lower 
Ufe- 
Cycie 
Costs 



deduced Maintenance 
Eliminate Operations Failures 
Extended Operating Ufe/ReusablHty 
Reduced Development Cost/Time 



Application 



Space 
Launch 
Vehicles 



AR,CD,MT 
MT,SB,HM 
SB.HM 
SB.HM 



AR.CD. 
MT.FP 



Or*-ltal 
Transfer 
Vehicles 



AR,CD,MT 
MT,FP 
SB.HM 

SB.HM 

AR.CD. 
MT.FP 



OR-Orbll/ 
Planetary 
Vehicles 



MT 

HM 
HM 
CD 



Ballistic and 
Tactical 
Missiles 



AR.MT 
MT.FP 
MT 

AR.CD 



Strategic 
Defense 
Missiles 



MT 

MT.FP 
MT.FP 
AR.CD 



AR - Analytical Representations 

CD - Combustion Dynamics 

MT - Materials Technolf>g!es <^ ^ 

SB - Seals and Bearings -I » i U 

HM - Health Monitor ^ ^ 

rP « Fabrication Processes 



Probable Outcome/Increased Rosourcos: 

• Reduction In space trancportatlon costs 

• Low engine life-cycle cos:s 

e U.S. pre-eminence In liquid rocket technology 

• Defense effectiveness 
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ET 1987 ETJmifd Bm^rim.rftff 



Ub^XSS^S^^S ^f/^al™ ta^lofly funding are tho Air Forc^ Astronautlcf 
i^^^^^^L^.!^^ ^'^^ ^^^^ ^"^^^^ ^ Command (MICOM). 

Rtmrch CMtof, Strategic Otfoits* initiative Office (SDIO). and Industry Indeoendent 
.i!^u*"^ development (IfttC). In FY 1937, the estimated isvel of coftSict 
or^^^^ WO mmion. FY 1987 contmctor-funded techndo^ ^SlIIiT^ZriK^ 
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LIQUID ROCKET ENGINES 



FY 1987 ESTIMATED EXPENDITURES" 



FY 1987 
Annual Level 


Long 
Ufe 


Low 
Cost 


High 

Performance 


High 

Reliability 


Materials 
Application and 
Producibllitv 


>WM/yr 


MSFC/Lewls- 
Advanced 
Reusable Engine 




AFAL-KEW 

MSFC- 

STBE/STME 






$3-5M/yr 






AFAL-XLR-132 

Storablfl Engine, 
NASAa.ewis 
OTV Propulsion 






$2-3M/yr 




AFAL-OjmC 
Engine 


AFAL-XLR-134 

Cryogenic 

Engine 


MSFC/Lewls- 
Advsnced Health 
Monitoring 




$1-2M/yr 








AFAL Condition 
Monitoring 




<$lM/yr 




Many Individual ( 
Totalln 


xovemment and In 
g $20-30 Million A 


dustry Programs- 
nnually 


^ 







'Includes DoD 6.1, 6.2, 6.3 type funding, doas not Include end-Item development 
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Th? F^rg'gn 9f"^g?t'?'vo Threat 

From the 1S50S th.ouoh the 1970s the u!s. was cisariy the worid leader In liquid rock technofooy. 
«n m« iqIoT the U^^^^^ the European Space Agency (ESA), Japan, and the Pw. s Republic of 
Chma h Ve boeV a^^^^^^^^ on «ie U.S. tech.oI<Sy position. By th. 1990s. U.S. leader^Ip could 

Se S^lousVchaiS advanced propulsion development, currently under way or P^^n^^ ^y ^oMgn 
comDetitors CheS propulsion system advances are belr^g vigorously pursued for a broad range of 
pSion ■ such s aunch vehicles, upper stages, apogee kick motors, attitude control motors wtelllte 
D?0Dufs on etc and Include cryogenics, atorables. hydrocarbons, bipropellants. and UlpropeUants. 
caS^mm that in the past re J^ded exclusively In the U.S. could be matched, or perhaps exceeded, over 
?he nox foV yo^^^^^ ««2ed combustion, and expander^cle oxygeiVbydrogen 

IXs are oS^ or under development, ^^or • W. Uje ass.OWW^^ 
combustion cyclt LE-7 engine, that will approach the SP«ce Shuttia Ma^Englna^^^^^ 
developed as the firs' stage engine for tha rww H-2 cort vehicle, vrtth the LE-5 as the stag* 
engine The ESA Arlane lamlly of launch vehicles has alraady made extensive use of ^oraWe proj^«wrt g 
proVu^lon systems (Viking engine.) and uses an HM7 oxygenrtiydrogen engine a. ^^^^e f^opulslon ^ 
System. A new cryogenic upper .tage engine development la Pl*nried to °" *f • 

ATlano 5. The propulsion systems being developed by foreign competitors vriH lead to launch <^Pa^"««" 
the 1990. that will encompass most. If not all. of those of the U.S. family of isun<^ vehteles at competltWe 
costs and will provide them with the ability to compote for a large share of the world a .pace traffic, 
particularly to geosynchronous orbit. 

The principal focus of liquid propulsion technotogy In the past ha. been on performance Issuaa. wen 
as achieving high engine thrust-to-welght ratios and high specific Impulse (Isp) In order to rnaximize launch 
vehicle payload delivery capability. With chemical propulsion systema beginning to approach theoretical 
performance nmlts. technological advancea need to focua on moan, for reducing propulsion flevelopment. 
production, and operation coaU In order to help achieve a cost-competltNe U.S. spacettansportatlon 
system. Engine development cost reductions ahould focua on meana for mlnlmlilng development and 
certification hardware and testing, engine production cost reducttona ahouW focus on lower cost design 
and manufacturing techniques for both expendable and reusable engine designs, end operation cojyt 
reductions should focus on diagnostic techrflques that will provWe automated Inspection techniques tor 
reducing maintenance costs, automated prefllght aervlclng. and checkout as well as autornated Inflight 
operations. Uquld propulsion technology focused In these direction. wUI play a major role In reducing Tuture^ 
launch vehicle llfo-cycio costs. 
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Liquid Rocket Engine Technolofly Roadmap 

LIQUID ROCKET ENGINES 



THE FOREIGN COMPETITIVE THREAT 

• 1950s-1970s: U.S. clearly the leader 

© Today: U.S. leadership seriously challenged 

• USSR leading in launches/year and payload to orbit 

• Japan 

^ 1988 IOC for H-l booster 

o LE-5 LO2/LH2 engine for 2nd stage 

© LE-7 engine (for H-ll Stage I) approaches SSME capabilities 

• ESA 

• Ariane family operational 

• HM7 3rd stags engine employs LO2/LH2 

o A new cryogenic engine replaces storable Stage II In Ariane 5 



The Technology Roadmap provides direction for a technology foundation 
necessary to maintain the United States' competitive edge 
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Liquid Rocket Engina Technology Roadmsp 



Technolog y Cheltenqai 

.H.«^« a» physically stressing as liquid rocket engines b wide open to technical 

cdvances The tremendor . forceo and temperatures involved have been harnessed, of recesslty. by 
essentially brute force, since suitable materials and analytical tooit v^ero not available Unfortunately 

S^.'n.'r?.'i;!?rhl®^^^^ ^\^^t ^PP'^'^ ""^'^ 8lven to the development of less 

;JiS^'*T^* techniques, which often have a long maturation period and. Uius. delayed 
^u?h'J^}^^^^^^* ^^'^ e^senUally building blocks, underpinning the broad spectrum of 
nquld rocket engine ttchnologlw. Operatlor»al limitations are often ultimately traceable Viuch wuses 
as a lack of understanding of a fluid dynamic process or the lnt.biiity to adequately cool or lubrlMt" 
bearing Developing and verifying advancements In the areas proposed herein wUI pr^de the tcS^s 
and material* necessary to continue advances In liquid propallant rocket engine capablUtles. 

Achlevenwnt of iwtlonal propulsion objectives for space ictMtles and for effective mn»tarv racket 

manufacturtng and test through launch procedures and fll0^ Although there are well-developed 
reilalMlty mj^mods (such as that by TaguchI) to assist th^ developer, they are UMventy apt^ST^ 
Ji'eTJinl^ue^a'?:^ 'SLT"?" P™^*'"*'^ througho^T me de'veloplTt cS^mur^^ S^^co 

fr^OM Sii^m^J ""J* ^r""^ *° development 

process, successful Impfer mentation entail »c*;ii'irar changes within the community. 
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Uquld Rocket Engine Toctinoiogy Roadmap 

LIQUID ROCKET ENGINES 



TECHNOLOGY CHALLENGES 



• Computation of coupled combustion and gas-dynamic processes 

• Dynamic and steady loading/stress on high energy turbomachlnory 

• Solution methods for flow-structure coupling ^ 

• Modeling of flow-associated physics (e.g., turbulence) g 
€> Themfial and dynamic modeling of bearings and seals 

• Combustion stability prediction limited by understanding of combustion physics 

• Material compatibility with psopellants in the engine Internal operating environment 
e High atiength, high temperature materials possessing high thermal conductivity 

• Materials structural characlerliatlon 

• Long-life propeliant-cooled and lubr?cs;«d bear'ngs 

• Propellant-compatiWe, high pressure, high temperature static and dynamic seals 

• Fabrication processes, particularly material joining 

o Use of reliability techniques In the development process 
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Progrim Go*i 

The goal of ttie Uquld Rocket Engine Technology Roadmap is to provJdo a technical basa for 
reliable, high-perfontianco, low Hfe~cycIo cost liquid rocket engines into the 19903 and beyond. The 
prc>g.^ms proposed m achieve thl» goal thp. .gh development and validation of advanced capabilities 
prior to Initiation of full-scale development It Is Important to the success of this endeavor thst the 
support activltles-nfrfiterlals data base, engine test beds, and continuing commitment-be fully 
embodied In the program ^Yamework. as they constitute critical tools In the pursuit of this goal. 
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Uquld Rocket Engine Tochnotogy Roadmap 

LIQUID ROCKET ENGINES 

PROGRAM GOAL 

• Provldo core technologies prior to 
full-scale development 

EssentttM -Support: 

• Expanded material duta bases 

• Engine tent bed validation of Roadmap 
results 

• Consistent core technology funding 

• Extension of program beyond the 1990s 



Result: 

• U.S. pre-eminence based on 
lowered life-cycle costs 
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Solid Rocket Motor Tochnolooy Roadmap 



SOLID ROCKET MOTOR TECHNOLOGY ROADMAP 
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Solid Rocket Motor Technology Roadmap 



Solid rockot motors are a family of rocket propulsion systems characterized hy use of a 
mucroscoplcally homogeneous solid propellant grain containing both fuel and oxidizer 
constituents. Gonerally, the fuel Is a fiydrocarbon binder with nietal powder, sometimes, but not 
always, containing a plastlclzor and other additives, e.g., hydrox/J-terminated polybutadlene 
(HTPB) polymer and aluminum powder. The most widely used oxidizer Is ammonium perchiorate 
(AP). although other oxidizers are used In several appllcatlcns. Typically, by weight, a solid 

propellant Is 10 to 15 percent binder and 60 to 70 percent oxidizer with the remainder being co 
metal powders. The fuel, oxidizer, and other Ingredients are mixed as a slurry then cast and g 
cured directly In the rocket motor combustion chamber (case) In various geometric shapes 
(grain). 

Basically, a solid rocket motor consists of five components-Igniter, insulation, ilner, case, 
propellant grain, and nozzle. For many applications TVC devices are also used. 

Solid rocket motor technology, which also indudes gas generators, is focused on improving 
the performance, produclbillty, and affordablllty of both components and solid rocket motors as 
a whole. 
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Solid Rockot Motor Technology RoaUmap 

SOLID BOCKET MOTORS 



SOLID ROCKEl' MOTOR 




ACllft«Sa O 
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Solid Rocket Motor Technology Roadmap 



TechnolQQV A d 

Durlna the past decade, technology has generclly been application orlentod, I.e., technological 
offort nas boon focused on providing solutions associated with the development and production of 
specific motors. This type of research und development makos use of proven technology »nd me hods 
to develop and produce the motor, but do^s not greatly advance the general understanding of solid 
rocket propulsion. II Is also expensive and does not address the fundamental Issues Involved. 

The most efflcleiv; and least expensive means of developing new motor concepts and designs Is 
to have a dedicated force of scientists and engineers embarked In resesrchlng fundamental <»uo»tlo"S 
of send rocket motor pr-pulslon. There Is a strong need for Increased engineering technology which 
couples well-validated models with predictions and adequately Instrumented tests, as well as sUongty 
Increased understanding of the processes used to make solid rocket motors, Including the Impact of 
proces"ng S^ end reliability. These generic or core technotogy programs would 

be pushing beyond the current schedule of a specific motor program, but the.r recutts wou d be 
applicable to alt motor development programs, solving problems in advance and making a higher base 
level of technology available. 

Beginning a motor development program with a higher technological base means a higher MuMIty 
motor for less cost in a shorter time. A bettor undersandlng of core technologies will 
life-cycle and operational costs and maximize flight reliability and safety because the technology has 
been proven in advance. 
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Solid Rockot Motor Technology Rosdmap 

SOLID ROQKET MOTORS 



OPTIMUM TECHNOLOGY ADVANCEMENT FLOW 



Gonoilc, Core Tochndoay Programs / "Tochnology Base" (6.1 ^U, 6.3A effort/NASA oquivalont) 



6.3A Oomonstratlon 
\ \ 

Validated New Technologies 



Pre Milslon 
Systom A 



6.3A Demonstration 
Validated New Technologies 



\ \ Propulsion 
\ \ System B 




Fu!l-Sca!e 
Development 


Qualification 


Production/ 
Operation 






Concept 
Validation 


Full-Scale 
Development 


Qualification 


Production/ 
Operation ( 



Payoffs: 

• strong technology base 

• Reduce development risk, cost, schedule 

• [Maximize operational success 
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Solkl Rocket Motor Ttchnoiogy Roadmap 



Acfonyma 

As with any t§chnolofly «rei, toHd rocket motor* r»ve a wtde rtng© of acronyms. Tho 
most wWoty used acronyms and ttiosa used In tWs paper are cSven In the gJowary. Acronyms 
generally epply to components, Intended appncatlons, or oroanlzatlons. 
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Solid Rocket Motor Technology Rosdmap 

SOLID ROCKET MOTORS 



ACRONYMS 



AFAL Air Force Astronautics Laboratory isp 

ALS Advanced Launch System KEW 

AMI Advanced Motor Instrumentation "K" SERIES 

ASRM Advanced Solid Rocket Motor LCC 

AP Arrmonlum Perchloratc MSFC 

CAI Computer-Atded Inspection MiCOM 

CAM Computer-Aided Manufacturing NASA 

CIM ComjjutOT-lntograted Manufacfurlng NDE 

CMDB Composite Modified Double Base NOt 

CTPB Carboxyl*Termlnated Polybutadlene nwC 

ENEC Oxtendible Nozzle Exit Cone SPC 

HCI Hydrochloric Acid SRM 

Hi/Lo High Performance/Low Observable STAS 

HLLV Heavy Lift Launch Vehicle TOD 

m*PB Hydroxyl-Termlnated Polybutadlene TPE 

IDC Insulation Design Code TVC 

IM Insensitive Munitions 



Specific Impulse 

Kinetic Eneroy Weapon 

KEW Series Programs 

Ufe-Cycle Cost 

Marchall Spaco Flight Center 

U.S. Army Missile Command 

National Aeronautics & Space Administration 

Nondestructive Evaluation 

Nondestructive inspection 

Naval Weapons Canter 

Statistical Process Control 

Solid Rocket Motor 

Space Transportation Architecture Study 
Technical Objective Document 
Thermoplastic Elastomer 
Thrust vector Control 
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dolkt Rocktt Motor Tv iJhnotogy Rotdmtp 



T«chnoloov Etementt 

ThtM tlwntnU cv^ottltutt «r«ai which wtn provide tho high levorage necemry to 
tlgnmctntiy ailvtnct solid rocktt motor ttchnolofly. 

Shuttle ind Titan faHufM In 1W8 un*?^r»cor»d the national need for higher renablltty, 
partlctriarty for apace vehlde Uunch propiaslon. Future aoUd rocket motor* for apace launch 
vehldea mutt have rtOabHttlea In exceaa of 0.999 at 95 percent confidence and at the aame 
time be capat>le of being mamifactured at algnfflcantty kwer coat The goal la to reduce 
aoUd rocket motor end aaaodated operaUng cotta ao that the overall recurring coat of 
launching paytoada la decreaaed by an order of magnitude relathre to exUting Space Shuttle 
and Titan baaeOnea while Improving rellabfflty to at least a999 at 9S percent conndence. 

The coat of failure and pubBo preaaure for f ftBure-free operation of large rocket vehtelea 
demand that we aaaure the pubOc as wan aa curaeNea, that new proputekn ayatemc are oj 
hlohly rfOaWe. To do thto, we must Incorpofate reOablBty ktto design, devetopment. and 
mamifeoMJring procesaea. TTila wilt require adaptatkm and use of statistical methods, such as 
those proven to be suocessfuJ for automotive and electrons products, end a new emphasU 
on "rettabUly thk>Wng^ on the part of rocket design, development, and manufacturing 
englneer^ 

Other appBcatlona. aateime proputoton and KEW propulaton. wm rf ijuJre algnlfteant 
Improvements m motor perfornwnci-Wgher lap, lower bert welcni. and rt-w^jy 
nwv'miint DeOvered lap greater th4n 315 Ib-sec/tb. maas factkma excr>dlng 0.95. and 
mults-puise operatkm are reaHstio goala. In addition, many future proputaljn aystems. 
paitJcularty fcr amart and briWant tactical syauma, wm require energy management 

To achieve the above wia require a better undentandlng of materiala and proceasea 
than available today. Increased use of computernWed engineering, and wWer use of 
automated manufacturing and quality aasu«ipo# lystems. 
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SOLID ROCKET MOTORS 



TECHNOLOGY ELEMENTS 

• Improved safety 

• High rdliabillty 

A inability techniqui^s 

• Low copt 



• High performance 

• Automated manufacturing 

• Quality assurance 

• Ensrgy management 

• Low c «v^ab!08 

• Insensitive systems 

• Combustion dynamics 
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Sudd Rock«t Motor T»chnol08V Roadmap 

Ttffhnmngy BOTu nti, Tmnili. mil Wlitrtonti 

SSSwddooy dow not "^^^^^^TS^v^ m diJlgn/anriysl. m«Uiod2lo9y «nd 
ttttlng nwthod*. 

p^omwnM mMWrtmMlty »nd ^J^,^^^J^ viO pulw motor*, wd rwluc»d 
obw«.bI.. will •"^l^'SSKSW^ conflgur.tlons tor 
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Solid Rocket Motor Technology Roadmap 



SOLID ROCKET MOTORS 



TECHNOLOGY ELEMENTS, TBENDS, AND MILESTONES 



TECHNOLOGY 
Ft f MFNTS 



High R« lie bitty 



laCilD 

Increased •pPKeaiton ol 
eomput«r-ala*d mo<}«>s and 
AMI 

Mor« compr«h«nBiv« material 
•nd proe«ii data basa 



Standard balllatkn data baaa 
Standard bailiatio taata 
Early vvatuatlon o( naw InQradlanta 
tmprovMJ nwda's/eodaa 



Inaanaltiva Syttama lner«a]*d 'buliat' r«tlatan€a 
lneraa**d 'eookolf* r«tltlitn3« 
lner*at*d detonation ratltlanea 



CAM/CtM low eoat inathoda 



CaI taohnlqiMa 
On-llna i>rocaaa monltori 
Statlatteai procaaa control 
In sJtu quality monitora 
(haaith monitof a) 



L 



^ Indloatat oomplatlon of • 2 and I 3 atfort or •qurvalont 



A. 



4 



5 

V 



2000 

3 



1. 



"izr 



12 

_SL_ 



j2_ 



Al6 



"7S22 Sir 

k. 
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Solid Rocket Motor Technolopy Roadmap 



TECHNOLOGY ELEMENTS AND MILESTONES 



High ReSlabiiity 



Combustion Dynamics 



Low Cost 



1 Improved 2D code, 1990 

2 Advanced motor Instrumtrrtatlon, ^99^ 

3 Existing materials and processes, 1992 

4 Insulation design code, 1993 

5 Improved 3D codes, 1995 

6 Advanced materials and processes, J999 

7 Expert codes, 2000 

S Data bate 1. 1990 

9 Standard ballistic tesU, 1992 

10 Data base M, IW , _ 

11 Advanced measurement tools, 1935 

12 New InsUbUtty model, 1997 

13 Model/code verlftvatton, 1999 

14 TPE propellent, 1390 
16 Low cost case, 1991 

16 dean propellant, 1992 

17 Low cost nozHe/TVC, 1993 

18 Continuous mbdng, 1995 

19 Component reusability, 1998 
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TECHNOLOGY ELEMENTS AND MILESTONtS {Cont> 



High Perfomiance 



Insensftiva Systems 



Automated Manufacturing 



Quality Assurance 



Vaildatlcn Motors 



20 Ughtwelght case, 1990 

21 Ughtweigm nozzle, 1992 

22 Compact TVC. 1993 

23 Multi-pulse. 1994 

24 Ultra-energy propellants, 1995 

25 low observables, 1997 

26 Threat studies analysis. 1991 

27 Test methods, 1992 

28 Combustion mechanisms. 1993 

29 Mmgatlng devices, 1997 

30 Insensitive propetlant baseline, 1998 

31 Insensitive system. 2000 

32 SPC existing processes. 1990 

33 SPC new processes. 1999 

34 On-Hne monitors, existing processes. 1991 
On-ilne monitors, new processes, 1997 

36 In situ monitors, 2000 

37-42 Every two years starting In 1990 
Configurations to be detemtined 
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Solid Rocket Motor Technology Roadmap 



gftPft f|t8 and AntHtoatiOflS 

r„Sr&STsrr ^^^^^^ - '»« 



be realized: 

• Improved paytoad or range 

• Improved rellatJlty 

• Improved safoty 

e Reduced W e-cycle coitt 

• Reduced davelopn^ent ti.ne 



o c c 



appHcatloni. ^ ^ 



Solid Rocket Motor Technology Roadmap 

SOLID ROCKET MOTORS 



BENEFITS AND APPLICATIONS 



ERIC 







Application 




ounoiiis 


Space 
Launch 
Vehicles 


Satellite 
Propulsion 


Strategic 
Defense 
Missiles 


Ballistic 
Missiles 


Tactical 
Missiles 




Improved Reil&bllity 


AT,MT,AO, 
FP 


AT,MT,AQ, 
FP 


AT.MT.AQ, 
FP 


AT,MT,AQ, 
FP 


AT,MT.AQ 


Lower 
Ufe- 
Cycle 
Costs 


Improved Safety 
Extended Operating Life 


MT,AQ,FP 
fflT,AQ 


MT,AQ,FP 
fJ!T,AQ 


MT,AQ,FP 
MT.AQ 


MT,AQ,FP 
MT,AQ 


AQ.FP 
MT.FP 




Reduced Development Cost/Time 


AT.MT.AQ, 
FP 


AT,MT,AQ, 
FP 


AT.MT.FP 


AT,MT,FP, 
AQ, 


AT,MT,FP 




Reduced Environmental Impact 








FP 





AT 
MT 

AQ' 
FP 



Analytical Tools/design Methodology 
Materials Technology 
Automated Quality 
* Fabrication Processes 



Probable Outcome/Increased Resources: 

• Reduction In space transportation costs 

• Increaced relUbhity and safety 

• Lower llfe-cyc'e costs 

• infiproved doff^n&e effectiveness 

• U.S. pre-eminence In sctid rocket Industry 
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FY Ifl87 Ertfm atH F«>flndtturai 

The major lources of »ond rocket motor t8<^ology funding are the Air P<>5p« ^ . 

LaboratonT?^^), Marahall Space FUflht Center (MSFC). Army Mlaalle Command (TAIOOM), Sea eg 
a^Hr Commarid. (NAVSEA and NAVAIR). and Stratofllc Dafenae »nltlaUve0fflC6 (SC«0). tn g 

FY 1987. Se estimated level of contract expendUurea by these organliaUona ^ '^"wifo^^e^ 
6 2 and type prooramt. FY 1987 contractor-funded technolofiy expenditures are eatlmated at $30 
million (primarfly IR&D), As can be seen, the majority of effort Is m $1-2 mflUon efforts. 
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SOLID ROCKET MOTORS 



FY 1987 ESTIMATED EXPENDITURES* 



FY 1987 
Annual Lovol 


High 

Reliability 


Low 
Cost 


High 

Performance 


Automated 
Manufacturing 


Quality 
Assurance 


>$5Myyr 


MSFC-N0Z2I9 
Intogrity 










$3-5M/yr 


MSFC-ASRM 










$2-3M/yr 




Af^AL-Low 
Cost Propellsnt 






Advanced Rocket 
l^ozzle inspection 
System 


$1-2Wyr 






AFAL-KEW 
AFAL-HiP/LO 






<$1M/yr 




- Many Indlvkluat 


Government and tr 
ig $20-30 Million A 








Totalln 


dustry Programs- 
ini:a!!y 





* Include* DoD 6.1, B.2, 6.3 typs funding, does not Include end-Item development 
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fhn Forokin gftmpiitttiv Thrcit 

There h«» been e elflnmcant Increaio during the test decade Ln foreign capalrflrtles through 
comt!^lXwernmem-i^^ efforts and Infusion of U.S. technology. At prewnt. 22 countries have 
variou* ot toW rocket capabHIty. 

England France Weat Germany, Norway, Italy, and Japan are now fUmly entrenched In the UctJcal 
mlsane propulston area through comparvy/govemment-aponsored effort and U.S./MOU programs, e.g.. 
Maverick, Patriot, SWewlnder. 

tttly France and Japan are also firmly entrenched In t)ie large motor area (up to 90 In. diameter) 
through company/govemment-sponsored efforts, e.g.. Ariane, «N,» "H" vehicle strap-ons. 

France and Japan are now flmily entrenched In the satellite propulsion area through company/ 
government-sponsored effort*, e.g., STAR motor "look allkes"-STAR 30, 37. 

IntemitfMW! competltton, although varying from country to country (Japan and France considered 
the most advanced), la judged on a part wHh U.S. state of the art In design, quality control, and 
producibnity of Inert component*. France Is considered ahead on cart>on-cart)on component 
technokxiy since that technology te now being Imported Into this country by Hercules and Kaiser, for 
exampl«?^CompetIng countries are rated behind the U.S. In propellent technology, P^^J^l«lS[^J,<^JHg^ 

and CMDB propettants. 

U.S. technology Is obUlned by other countries through numerous forums, e.g., AIAA, SAE. and 
SAMPE meetings, and MOU programs. 
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SOLID ROCKET MOTORS 



ERIC 



THE FOREIGN COMPETITIVE THREAT 

e Significant Increase In both European and Japanese capabilities In the last decade 

• England. France. West Gcrr.any. Italy. Norway, and Japan entrenched In tactical missile 
propulsion 

• Italy. France, and Japan entrenched in space launch vehicle propulsion area 

• France and Japan entrenched In satellite propulsion area ^ 

• International competition Is increasing 

e International competition is judged on a par with U.S. state of the art in design, quality 
control, and producibillly of most Inert components 

• France considered ahead on carbon-carbon component technology 

• International competition approaching par on propellent technology except for high 
energy systemrt 

• U.S. technology is transferred through numerous forums, o.g.. AIAA. SAE. and SAMPE 
meetings, and MOU programs 
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Technology C haHenoea 

The list of technology challenges is long. Each represents an essential area of effort to meet 
future national needs. Each should be pursued. Unfortunately, the resources demanded by such an 
approach have previously limited the attention given to development of less cciisplcuous, high- 
leverage technology which has a long maturation ,oerlod and, therefore, delayed payoff. 

Achievement of national propulsion objectives for space actMtles and 7or affecth/e mlilUry rocket 
systems wlU require demonstrated levels of flight reHabOlty In aU aspects of rocket opertttons, from 
manufacturing and test through launch procedures and flight AHhough there are well-developed 
reliability methods (such as that by Taguchi) to assist the devetoper, they are unevenly applied. Future 
success will hlnga on the integratkKi of such practices throughout the devetopment community. Since 
the techniques Introduce additional participants and Increased design iteration to the devek)pment 
process, successfid Implementation Nvin entan "cuIturaT changes wltiUn tite community. 

Doveloplng and demonstrating the advancements In the areas Qsted wQI provide tiw tods, 
materials processes, and quality techniques necessary to continue advances In sotkl rocket motor 
technology. 
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SOLID ROCKET MOTORS 



TECHNOLOGY CHALLENGES 



• Insensitlvd systems 


• 


"Clean" propetiants 


• Improved bend systems 


• 


Compact TVC systems 


• Improved nonlinear 20/30 computer codes 




Uttra>energy propetlants 


• Improved insulation design codos 


• 


Automated NOi/NOE 


• Expert computer codes 


• 


On-line process monitors 


• Strain^lnduced combustion effects 


• 


Laboratory/subscale motor Interrelationships 


• Comprehensive material and process data base 


• 


Der onstration motors 


• Materia! pfcregss/property Interrelationship 


• 


Improved In situ Instrumentation 


• Structural material failure criteria 


• 


Use of reliability techniques in ihe development P'ucess 


• Low cost cases 


• 


Improved reliability demonstration procedures 


• Low cost nozjde/TVC systems 


• 


Low observables 


• Low cost propeilants 


• 


Energy management 
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gQm parUon w ith Qovgrnmant StUdlSl 

7110 effort proposed In subsUnUal tgtBmtnl with fi numlwr of NASA. Navy, and Air Force ^ 
studios. 
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SOLID ROCKET MOTORS 



COMPARISON Wli H GOVERNMENT STUDIES 

Tho effort proposed Is In substantial support of the following 
government studies: 

• Air Force/NASA — Space Transportation Architecture Study (ST AS) 

• Air ForceTNASA - Heavy Uft Launch Vehicle Study (HLLV) 

• Air Force/NASA — Advanced Launch System Study (ALS) 

• Air Force — Rocket Propulsion Technical Object Document (TOD) 

• NASA — Solid Propulsion Integrity Program Technical Plan (SPIP) 

• Navy — NAVAIR Aii Weaponry Analyses 
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ProQfgm Goals 

Over a lO-yoer period, witti adequate resourcas, tho listed proQnuti goals are considered a 
chatlengo, but achievable. 
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SOLID ROCKET MOTORS 



Parameters 
High Reliability 
Low Cost 

High Performance* 
Mass Fraction 
Nozzle Expansion Ratio 
Delivered Isp 

Automated Manufacturing 
Quality Assurance 

Operational Ufe 
Safety 

Mission Flexibility 



PROGRAM GOALS 
Goal 



>0.990 at 95 percent confidence 

Order of magnitude redaction In 
recuning cost per pound delivered 
to orbit 

Significant reduction in tactical and 
strategic propulsion costs 

>0.95 
>100:1 

>315 Ib-sec/lb 

60 percent reduction in nonvalue- 
added labor 

Significant safety and quality improvement 

Automated measurement, recording 
of attributes against "accept/reject^' 
standards 

20 years + 

Insensitive 

MuItl-pulse operation 



CO 



*Upper stage and space-launched motors 
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Added Effort Requlmtf 

To achleva the goelt outOned tn this Technology Roadmap, a consistent expenditure of 
approximately $300 minion per year over ten years from all sources Is required. In order to 
realize the goal of lowered Ilfe-cycle costs by emphasizing research that Is nox 
program-specific, the expenditure and the number of personnel must be consistent from year 
to year. 

We recognize tha\ significant frjndlng Is planned under the Advanced Launch System 
(ALS) progrant However, this Is "focused technology" and, although "faHouf will result, the 
generic output of such programs Is, of necessity, seldom of sufficient breadth to be of wide 
benefit Vvk NA$A CtvP Space Technology initiative <CST1) is m example of the type of effort 
required 

Bo;h government and Industry test bed facilities need to be upgraded and put Into 
operation and there must be a greater use of demonstration/validation englnea and motors 
and .vanced Instrumentation to vsOdate the concepts that result from a consistent core 
technology research program. There also n^eds to be more coopen^ betwee^i 
government, Industry, and the academic community In establishing and utilizing 
supercomputer centers. The NASA-Ames supercomputer and the N8F Supercomputer 
Centers around the country are noUble achievements towrrd the realization of this goal, but 
additional factStSes are needed. 

Th« estabOshment and maintenance of a rocket material data base Is also a necessity 
and wit] require a working group consisting of Imktstry, unhrersltles, and government, as wen 
as groups such as Battelle. ASTM, t>oD Informatton Analysis Centers, SAMPE, etc, to ensure 
the proper r;rganlzatk>n and upkeep. 

There ne»c!s to be Increased recruitment of new science and engineering graduate 
students and greater cooperative involvement with academla. 
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ROCKET PROPULSION 
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ADDED EFFORT REQUIRED 

• Consistent annual expenditure of $300 million per year devoted to generic 
core technologies and their demonstration* 

• Tost faclHlles capable of mission simulation 

• Special component tochnology test stands (e.g.. turbopumps) 

• New methodology for reliability demonstration and validation g 

• Expanded government/industry/academic supercomputer cooperation 

• Order of magnitude expansion of engineering data base 
e National material data base 

• Greater academic Involvement, cooperative ventures 



•The ALS "focused" technology has applicability; the NASA CSTJ 
program will provide a good start 



to 
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Concluiloni 



Tho tut0d natloniJ go«U of reducing space transportation costs by an order of magnitude, having 
a viatMe apace defense system, and maintaining a strong defense posture cannot be supported by 
today's technology. "Business as usuaT FY 1987 level ftmdlng and facintfes wffl not obtain the enabling 
technology to s^9port national needs. At least a threefold, torig-temi commttntent compared to FY 1987 
is requlrod. Without such t commtlment the cowtry wffl lose lu pr»-«mlnence ^ rocket propulsion 
technology eaily in the mxX century and wfll f aH to meet national needs. The recommended 
technologies can provide tlgnmcant leverage to rocket propulsion development programs &y enabling 
performance advances without e^crtflclng cost and reSabHIty goals. 
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ROCKET PROPULSION 



CONCLUSIONS 



• There are supporting technologioa which can provide considerable 
leverage to the development of advanced rocket propulsion systems 

• These technologies, when validated by teat bed demonotratlons, will 
provide a firm base for confident Initiation of development programs 

• Formulation of the specific technology development plans to be pursued 
must involve government, Industry, and the academic community. Plans 
should Include consideration for rocket materials and processes data 
bases and textbooks for rocket design and safety practices 

• Continued and consistent support of generic technology advancement Is 
necessary to realize Roadmap goals 

• The benefits derived from these areas can provide the edge to retain 
our leadership In rocket propulsion In the International marketplace 

O *^ C 
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Whmas DoD and NASA htv* plant for d^vplopment of rocket propulsion systems and their major 
components, there ts no such tnrangement for the technotogles proposed herein. Since they are of 
universal application to the rocket propulsion Industry, they ere a toslcal choice for cooperative 
efforts. However, commercial revenues are not sufficient to support the range of technolooy required, 
and with current cettngs on IR&D, Industry funds are severely Hmlted. Therefore, It Is recommended 
that government agencies undertake to foster this work to reap the benefits of the leverage that It 
prov'ides. In addition to provknng direct suppwt, this should Include easing the IRM) ceUliHis to enat}le 
expanded Industry participation. More academic Invotvemem Is also essential to meeting the 
technology goals. Demonstrations of the new technologies in test beds prior to fumscale development 
Is crucial to gafciing confklence that tile technotogles are ready ^or application. 
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ROCKET PROPULSION 



RECOMMENDATIONS 



• Establish a long-term commitment to technology advances necessary 
to maintain technological excellence and meet national needs 

• Formulate specific technology development plans which yield necessary 
technologies that support national mlasions and goals 

• Involve Industry, government, and the academic community In the 
planning to ensure Inclusion of other ongoing programs 

• Embody these technologies In test bed programs prior to full-scalo 
development to ensure that the advances evolved are validated In a 
system environment. Utilize existing government facilities as 
appropriate. Modify or build new facilities as necessary to satisfy 
future mission needs 
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May 25. 1989 



The Honorable Doug Walgren, Chairman 
Subcommittee on Science, Research and Teclmology 
2319 Raybum House Office Building 
U.S. House of Representatives 
Washington. D.C. 20515 



Dear Mr. Chairman: 

As a witness before the Subcommittee on Science. Research and Technology 
on May 18. 1989. Congressman Tom Campbell asked me for my comments 
on Treasury Regulation 1.861-8. On line 2121 of Page 93 of the hearing 
transcript. I indicated that I was not prepared to address the question. Iixihis 
letter I would like to respond to Congressman Campbell's question and 
submit it for testimony in the form of an appendix. 

Under the 861 regulations. Apple must treat a portion of our domestic R&D 
expenditures as if it were conducted abroad. '^Tiile domestic R&D efforts do 
indeed benefit our sales worldwide, it is impossible to get a foreign 
jurisdiction to consider R&D conducted in the U.S. as an expense against 
sales income in the foreign country. These countries argue that if we 
conducted the R&D in the U.S.. then we should get the tar. break from the 
U.S.. not from their country. Moreover, they are trying to leverage off of 
such U.S. tax policy to force U.S. companies to invest R&D facilities in their 
country. Tliey argue that if U.S. tax policy treats U.S. R&D as if a ponion of 
it were performed abroad, then we should move that portion to their co^mtry 
where we can at least get the tax benefit from it! 

Apple already faces tremendous pressure from foreign countries to increase 
investment abroad in exchange for market access. Currently. India is 
denying us market access for microcomputers unless we set up a joint- 
venture with an Indian firm. In Australia, a new law now requires that 
foreign firms conduct research and development in Australia in order to 
maintain market access. In Canada, we cannot sell to certain government 
agencies unless we increase Apple's investment there. Consequently, our 
employees look for local technologies that Apple can support in lieu of 
building an R&D facility there. With foreign governments coercing U.S. 
companies to move R&D to their country, we do not welcome the 861 
regulations which act as a disincentive to conducting R&D at home. 

Apple Oxcputcr.lnc 
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Recognizing the onerous effect of tliesc regulations. Congress has repeatedly 
adopted temporary moratoriums to prevent the implementation of the 861 
regulations. But a permanent solution has yet to be adopted. It is the 
permanent solution to this regulation that we are seeking in legislation soon 
to be introduced by Congressman Beryl Anthony. 

If you have further questions on this issue and how it affects Apple 
Computer, Inc., do not hesitate to call me. 




Bill Poulos 

Manager, Government Affairs 
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